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1. INTRODUCTION 

Presented herein i s  a summary of the work accomplished by the 
Space Systems Division of Hughes Aircraft  Company during the 60 days 
of the Pass ive  Lunar Marker Feasibility Study. 
ducted in accordance with NASA contract NASA-3980 and the following 
statement of work. 

This effort has been con- 

STA TFMENT OF WORK 

Not m o r e  than ten percent  of the effort w i l l  be used on optical con- 
siderations and the balance w i l l  be used on r ada r  applications. 

Task 1 .0  

1.1 

Task 2 . 0  

2. 1 

2 . 2  

2 . 3  

2 .4  

Beacon Performance Requirements 

Functional requirements shall be t ranslated into definitive 
performance requirements for  a combined R F  and optical 
passive beacon. 
reflectivity of the devices, s i ze ,  deployed volume o r  a r e a ,  
orthogonality requirements,  and s t ruc tura l  integrity. 

These performance requirements  will include 

System Design 

A prei iminary l i terature  survey shall  be conducted to identify 
mater ia l s ,  mater ia l  propert ies ,  impregnation methods,  and 
fabrication processes  which a r e  probable candidates for  the 
combined R F  and optical m a r k e r  beacons. 

Based on the data acquired in Tasks 1.1 and 2 . 1 ,  prel iminary 
requirements  definition studies shall be conducted to select  the 
mater ia l s  and processes  which appear  to be desirable  
candidates for  satisfying the performance requirements .  

Consideration shall  be given to observation by the spacecraf t  
imaging sys tem of the ejection and deployment process .  

Methods of separating the beacon f rom the Surveyor spacecraf t  
o r  lunar roving vehicle and methods of ensuring proper  beacon 
orientation shall be examined. 

1-  1 



2 . 5  

2 .  6 
and 
2 . 7  

2 . 8  
and 
2 . 9  

Task 3 .0  

Parameter ized  data showing the relationship between s ize ,  
lunar environment,  and reliabil i ty shall  be developed. The 
reliability effort shall  a l so  include pre l iminary  analyses  of 
different ejection methods and operational procedures  which 
could improve the probability o f  success  for  the overall1 
mis  s ion. 

Studies shall  be conducted to develop a l te rna te  famil ies  of 
passive ref lector  and associated constraints .  
to be  considered a r e  c lassi f ied generally as  R F  co rne r  
ref lectors  whose overal l  shape may be  e i ther  a portion of a 
sphere o r  a n  ent i re  sphere .  
as required to provide optical reflectivity. 
evaluation will be made to de te rmine  the applicability of a 
hollow spherical  ref lector  (bird cage antenna).  

The re f lec tors  

The re f lec tors  have been modified 
In addition a concept 

Trade off studies shall  be conducted to  se lec t  a recommended 
prel iminary design. 
of the relationship between schedule,  cos t ,  weight, acquisit ion 
range, packaged volume, complexity, reliabil i ty,  thermal  
control, and ma te r i a l s  and ma te r i a l  p rocesses .  Quantification 
of the weight, packaged volume, and reliabil i ty of candidate 
prel iminary designs will be provided in the final report .  

These studies shal l  include an examination 

Pre l iminary  Specification 

3 .  1 A final r epor t  shall  be p repa red  consisting of a pre l iminary  
performance specification, supporting studies which justify 
configuration selection, and identification of a r e a s  requiring 
fur ther  study. 
those design p a r a m e t e r s  for  which empir ica l  data has  not been 
developed through a ma te r i a l s  t e s t  p rog ram and which may 
therefore  requi re  modification at a l a t e r  t ime.  

The a r e a s  requiring fur ther  study will include 

The beacon i s  required to mee t  the following genera l  requirements:  

1 )  Act in conjunction with the Apollo optics so that  angle infor- 
mation may be  obtained f r o m  lunar  orb i t  a t  a s lant  range of 

I 200 n. mi .  (80 n. m i .  o rb i t )  with a 95 percent  probability of 
suc c e s s ful a c  qui s i ti  on. 

2 )  Reflect a signal f rom the Lunar Excursion Module rendezvous 
r ada r  (LEM R / R )  s o  that full angular tracking accuracy  is 
p re se rved  a t  20-n. m i .  range. 

3)  Provide a 0 . 9  probability of successful  
su r f ace  a t  the end of 3 y e a r s .  

survival  on the lunar  

1 - 2  



-- . 

I 
1 
I 
I 
1 
1 
I 
1 
I 
1 
I 
I 
1 
I 
I 
I 

4) Weight and packaged volume should not exceed 12 pounds and 
250 cubic inches. A design objective shall be 10 pounds. 

A ground rule that Hughes has assumed has been to avoid the use of 
long lived active elements  o r  components except those that may  be required 
to initially deploy o r  orient the passive marke r .  

To provide continuity between the interim and final r epor t s ,  the 
format  in both repor t s  i s  the s a m e .  
sible the same text is utilized to alleviate the necessity to r e fe r  to the 
in te r im repor t .  

Where no refinement of data was pos- 
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2. SUMMARY 

/ s i x  general  beacon configurations were  examined during the study. 

These were: 

1)  A uniquely oriented single c i rcu lar  o r  tr iangular t r ihedral  
edge corner  ref lector .  

2 )  Four  corner  ref lectors  arranged a s  a hemisphere.  

3 )  Eight corner  ref lectors  arranged as a sphere.  

4) Bird cage echo enhancer. 

5) Van Atta a r r a y .  

6) Biconical corner  reflector. / 

Each of these configurations has  been modified by the addition of 
pigments o r  auxiliary optical beacons which provide a diffuse reflective 
surface fo r  optical acquisition: 

The radar  beacon design has been the pacing i t em due to the difficulties 
encounte-red in  satisfying the 2 0  nautical mile  range and 12 db signal to 
clutter ra t io  requirement2 

, m e  most  seve re  constraint  has been one of providing a la rge  enough 
r a d a r  t a rge t  to compensate for c ros s  section reduction when the beacon is 
viewed f rom a line-of-sight which var ies  f rom the ref lectors  axis  of 
symmetry.  
directiona -4 reflector design s imilar  to 2 ,  3, and 6 above. This acc rues  
f rom the fac t  that a corner  reflector cannot provide the r a d a r  c r o s s  section 
required for  complete omnidirectional coverage without excessively la rge  
dimensions. F o r  example,  a 35 foot diameter  four quadrant hemispherical  
ref lector  provides a 75 percent coverage at 2 0  n. mi.  o r  a 90 percent  
coverage a t  about 12 mi les .  
52 pounds including the weight of the deployment mechanism. 

This latter constraint  is par t icular ly  seve re  f o r  a n  omni- 

A beacon of this s i ze  would weigh approximately 
It can 
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therefore  be seen that even if the range requirements a r e  reduced the beacon 
weight is very la rge  for a high probability of coverage. 
does have the advantage of simplicity of deployment. 
tems except the uniquely oriented beacon a r e  s imi la r ly  l imited.  

This configuration 
Each of the other s y s -  

/I 
!The uniquely oriented beacon has  the performance advantage of 

providiGg 100 percent coverage and being the overal l  lightest system. 
the disadvantage of being the most  complex system considered. 
the complexity does not necessar i ly  infer  the beacon i s  unreliable.  
fe l t  that this system can be designed to be consistent with the beacon 
reliability objectives. 

It has  
However, 

It i s  

Therefore ,  'it represents  a recommended configuration 

It should be emphasized that due to the paramet r ic  nature  and t ime 
duration of the study it w a s  not possible to develop a complete se t  of system 
character is t ics  for the recommended design. 
examine each of the possible problem a r e a s  in grea t  depth. Therefore ,  i t  
i s  fur ther  recommended that the effort be continued and extended in o rde r  
to include mater ia l ,  subscale and full scale  model deployment and testing. 
A preliminary statement of work to accomplish this follow on effort i s  
included in Section 4. 

N o r  was i t  possible to 

An interesting outgrowth of the study has  been the conclusion.'xhat 
an independent optical beacon can be developed which i s  physically weT1 
within the weights and volumes specified by NASA/MSC. 
of the independent beacon i s  a lso included in Section 4. 

A brief description 
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3. TECHNICAL DISCUSSION 

Task 1. 0 Beacon Performance Requirements 

1 .1  Functional requirements shall  be t ranslated 
into definitive performance requirements  f o r  
a combined RF and optical passive beacon. 
These performance requirements  wi l l  include 
reflectivity of the devices,  s ize ,  deployed vol- 
ume o r  a r e a ,  orthogonal requirements ,  and 
s t ruc tura l  integrity. 

3.1 BEACON RADAR REQUIREMENTS 

Pass ive  Lunar  Beacon 

Beacon Radar Cross Section Requirement 

The required signal-to-clutter ratio fo r  the beacon return has  been 
specified as 12 db. The signal-to-clutter ra t io  i s  given by 

= 12 db s -  - ub - c - 7 -  2 .p, K4mR 

where  

O~ = radar  c r o s s  section of beacon 

cr = r ada r  c r o s s  section of lunar  surface 
t 

G = rendezvous radar  antenna gain 

R = vehicle to beacon range 

K = reflectivity of lunar  surface p e r  unit projected a r e a  

The above expression a s sumes  a signal modulation that i s  not range gated 
and with insignificant side lobe clutter. 

3 - 1  



Since the acquisition range and antenna gain a r e  specified as 20 n. mi. 
and 32 db, the only other determinant of the beacon c r o s s  section is the 
r a d a r  reflectivity of the lunar surface.  
used to determine this parameter ,  each giving substantially the same resu l t  
or -25 db. The three models a r e  as follows: 

Three  different models have been 

1) Lincoln Lab 

cos+ 2 tan + K 

0 

= 0.355 radius  
$0 

for  shallow angles 

K % 0.012 cos qJ 

cos 75 = 0.26 

K 0.003 (-25 db) 

The e r r o r  associated with the above expression i s  t 4  db, -2 db 

2) JPL/Hughes - 

T = 0.075 (bes t  guess value) 

K (75  ") = (0.075) (0.040) = 0 . 0 0 3  (-25 db) 

3) Lamber t  Law (used in proposal) 

K (+) = 4ro  cos qJ 

r = 0.005 
0 

K = (25)= 0.005 (-23 db) 

The required radar c ros s  section for a 12 db signal-to-clutter ra t io  i s  

6 

6 

a- = 9 .6  x 10 square  fee t  for K = 0 .005  

IJ = 5.8 x 10 square  feet  for K = 0 . 0 0 3  
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The value chosen fo r  the radar  c r o s s  section is a rounded value of 7 10 square  feet. 

3 . 2  CORNER REFLECTORS 

There  a r e  three  basic  corner  reflector shapes: square  s ides ,  tri- 
angular sides,  and c i rcu lar  sides. 

The theoret ical  maximum c ross  section of each type is  given by 

Sauare Side 
normalized to  

Trianpular  Side 

4 4 ~ r a  0 - =  z 
Circu la r  Side 

1.2 

4 16ma 
r = r  7.2 

Corne r  Reflector Coverage 

Although the c i rcu lar  s ided corner  reflector has 3-db l e s s  peak 
c r o s s  section it has  a somewhat grea te r  coverage in azimuth than the square  
sided reflector. 
response  and coverage. A corne r  reflector is not equally sensit ive in  all di- 
rections.  
of the component planes. A complete direct ional  pat tern calls f o r  a three  
dimensional diagram. The composite sur face  is  shown in F igure  3-1 with 
the specific curve  relating to  a reflector having t r iangular  plane surfaces .  

The Lrianguiar sided C O F ~ ~ F  is less  efficient on both peak 

It has  a definite directional charac te r i s t ic  that depends on the shape 

Comparisons of the overal l  coverage of co rne r  ref lectors  i s  sum-  
mar ized  in  F igure  3-2.  

Polar izat ion e ff e c t s 

The LEM rendezvous r a d a r  employs c i rcu lar  polarization, which 
affects the beacon design in  two ways. 
derived from the expected clutter level. 
ta l  data obtained using l inear polarization s ince data for c i rcu lar  polarization 
i s  not available. 

First, the s ize  of the beacon i s  
These levels a r e  based on experimen- 

The su r face  reflectivity for  c i rcu lar  polarization is not the 
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same  a s  for  linear polarization. 
has  performed a limited number of reflectivity experiments  using c i rcu lar  
polarization a t  Ka band. 
and the hil ls  surrounding Los Angeles were  f r o m  6 to 12 db less  than 2 
when linear polarization i s  used. 
that bear  on this problem were  a s e r i e s  of c r o s s  polarization tes ts  performed 
at X-band. In these tes t s  t ransmission was on ei ther  ver t ical  o r  horizontal  
l inear polarization and reception on the opposite polarization, that i s  t rans  - 
mit  ver t ical  and receive horizontal. Data for  dese r t  t e r r a i n  showed the c r o s s  
polarization reflectivity to be 6 db below that where t ransmiss ion  and recep-  
tion were  on the same polarization. In the absence of any other data 6 db o r  
possibly 9 db less reflectivity w i l l  be assumed with c i rcu lar  polarization than 
with l inear polarization. 

The Radar Laboratory a t  Hughes Aircraf t  

It was found that the reflectivity of the urban a r e a  

The only other ground reflectivity t e s t s  

Second, a corner  reflector re turns  c i rcu lar  polarization of the wrong 

The f i r s t  is make one of the three  sur faces  of the corner  reflector 
sense s o  that it cannot be received by the existing antenna. 
possible. 
a se r i e s  of parallel  w i re s  that w i l l  cancel one component of the c i rcu lar ly  
polarized wave. 
component. 
3 db loss which in turn  w i l l  be received with an additional 3 db loss by the 
circular ly  polarized antenna. 

Two remedies  a r e  

The wires  w i l l  t ransmi t  r a the r  than ref lect  the undesired 
The corner  reflector will then reflect  l inear  polarization with a 

Surface Irrepular i t ies  

The effect of surface i r regular i t ies  on the performance of corner  
ref lectors  can only be extrapolated f r o m  experience on parabolic reflector 
antennas.  The following tolerances give the indicated gain losses  when the 
correlation distance of the e r r o r  is large with respect  to a wavelength. 

RMS E r r o r  Gain Loss 

x 3 . 0  db 
i6 

x 0 . 5  - 
40 

Extrapolating to a corner  reflector that entails t h ree  ra ther  than one reflec- 
tion, the tolerances should be increased by a factor f i  giving 

RMS E r r o r  Cross  Section Reduction 

3 . 0  db x . _  

16 

0 . 5  A 
&- 40 
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Alignment E r r  o r  s 

Type of Reflection 

Triple  

Triple  

Triple  

The proceeding theory for corner ref lectors  i s  valid only i f  the angles 
between the reflecting planes a r e  each 90 degrees.  When one angle differs 
f r o m  90 degrees ,  the t r iply reflected beam splits into two beams;  when two 
angles differ  there  a r e  four beams and when all three  differ there  a r e  s ix  
divergent beams. 
concern the reduction in  c ros s  section must  be evaluated. 
m a r i z e s  the signal strength loss  due to these e r r o r s .  

Because the scattering back along the line of sight i s  of 
Table 3-1 sum-  

Line of 
Sight 

S ym metr ic  

Symmetr ic  

Symmetr ic  

TABLE 3-1. SIGNAL STRENGTH LOSS 

Number of 
E r r o r s  

One 

Three 

Three 

Type of 
Corner  1 db, 3 db, 10 db, 

Triangular  0 .421 0.701 1.211 

Triangular 0.20 1 0.351 0 . 6 2 ~  

Circular  0. 181 0.331 0.60A 

E r r o r  to Reduce By 

It is essent ia l  to  note t 
therefore  the longer the s ides  the greater  the  s t ruc tura l  accuracy  required. 

Corne r  Reflector Coverage 

The co rne r  ref lectors  being considered f o r  this application a r e  so  
large in  t e r m s  of a wavelength that the r ada r  coverage wi l l  be essent ia l ly  no 
g rea t e r  than the optical coverage of a s imi la r  corner  (Reference 3-1). Under 
these conditions the one bounce and two bounce reflections cover  such a smal l  
solid angle a s  to be negligible. Hence, signal r e tu rn  near  the planes of the 
reflecting surfaces  w i l l  be too low to be of use  and the re turn  will d rop  below 
an  acceptable minimum in some  areas.  
mus t  be established for the particular s e t  of pa rame te r s  being considered. 

Therefore,  a probability of coverage 

The hemispher ica l  c luster  of four c i rcu lar  edge co rne r  ref lectors  w a s  
one design chosen fo r  detail  study. 
studied, it offers the bes t  compromise between high signal re turn  and broad 
angular coverage. 
at various db levels below the peak return, This type reflector i s  discussed 
m o r e  thoroughly in  paragraph 3.11. 

Of the three  types of t r ihedra l  ref lectors  

Figure 3-1 gives the percentage of the hemisphere covered 

3 . 3  VAN ATTA ARRAY 

The Van Atta a r r a y  consists of an  a r r a y  of d i scre te  e lement  radiators.  
P a i r s  of dipoles, s lots ,  o r  sp i ra l s  a re  connected in pa i rs  as shown in 
Figure 3-3. The line lengths must  be multiples of a wave length. A plane 
wave incident on the a r r a y  i s  transmitted in  the same  direction a s  the incident 
wave. The incident wave and the time delay at each element  is represented by 

3 - 5  
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Figure 3 -1. Composite Surface Representing Signal Levels 
Returned by Typical Corner  Reflector 

20 

K O  
5 
v -  -32 -28 -24 -20 -16 -12 -8 -4  0 

u(db)- I27ra4 REFERENCE 

a 

A2 

Figure  3 - 2 .  Corner  Reflector Arrangement  

Figure 3 - 3 .  Van Atta Ar ray  Dipole Arrangement  
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a solid l ine;  the ret ransmit ted wave is represented by a dotted line. 
c l ea r  that connecting the elements as  shown will cause the co r rec t  t ime delay 
to be introduced a t  each element for  re t ransmission.  
of a Van Atta Ar ray  as a function of the angle of incidence i s  given by 

It is 

The r ada r  c r o s s  section 

2 cos 4 AL 
= K T  

F o r  scanning over a *45 degree sector ,  the a r e a  has  to  be increased by 40 
percent.  
can be used  i f  the  a r e a  of each panel i s  doubled. 
15 x 15 foot panel will give a r ada r  c ross  section of l o 7  square  feet. 

F o r  360 degree coverage, four panels a r e  required.  Three panels 
F o r  a &45 degree scan a 

The factor K in the expression for the c r o s s  section represents  the 
lo s s  of the t ransmission l ines required to connect the elements.  
t ransmiss ion  line to connect the elements w a s  considered. 
s idered had a loss  of 6 .5  db for  the longest path; however i t  weighed 64 

A s t r ip  
The line con- 

pounds. 
aluminum resulted in a maximum loss of 8 7  db. 
the t ransmiss ion  line appear  to rule out the Van Atta a r r a y .  

Reducing the s ize  of s t r ip  line to 0. 005 in mylar  and using 
The lo s ses  and/or  

3 . 4  BIRD CAGE REFLECTOR 

The surface of a b i rd  cage reflector consists of a thin she1 

deposited 
weight of 

ed di-  
e lec t r ic  sphere .  
surface.  'I'he wi re s  a r e  oriented so that they c r o s s  the equitorial plane a t  
45 degrees .  Viewing the sphere along a diameter  the wi re s  on the f ront  
surface a r e  at +45 degrees  and the wires on the r e a r  surface a r e  a t  -45 
degrees  with respect  to the poles. 
front surface can be resolved into two l inear ly  polarized components, one 
paral le l  and the other perpendicular to the wires .  
sca t te red  while the perpendicular component pas ses  through the surface.  
The wi re s  on the rear surface a re  parallel to the polarization vector of the 
t ransmit ted component and a c t  as a spherical  reflector.  The focal point i s  
approximately a half radius away from the surface.  If a cylindrical sur face  
a half sphere  radius in diameter  is  placed inside the sphere ,  the focused 
energy will be directed back against the spherical  reflector and t ransmit ted 
through the front surface.  
reflector in  azimuth. 

Closely spaced wires a r e  imbedded o r  printed on the 

An electro magnetic field incident on the 

The paral le l  component i s  

The sphere thus ac ts  like a n  omnidirectional 

The polarization losses  of the reflected fields as a function of the 
incident fields is as follows: 

Incident Wave Reflected Wave Polarization Loss, db 

Ho r i z ontal -45  degrees l inear  6 

Vertical  -45  degrees l inear  6 

C i r c  ula r -45 degrees l inear  6 

3 - 7  



Incident Wave Reflected Wave Polarization Loss, db 

I 
F o r m  of Reflector Order  of Curvature Variation 

~ 

4 

3 

2 

Plana r  Zero  curvature  a 

Cylindrical Simply curved a 

S ph e r ical Doubly curved a 

t45 linear 0 a) 

-45 linear -45 degrees  l inear 0 

The efficiency of the bird cage ref lector  depends on the s ize  and place- 
ment of the inner reflecting ring. 
determined experimentally. 

The optimum s i ze  and placement has  to  be 

To confirm the data presented in the in te r im repor t  a r a y  tracing study 
of the b i rd  cage reflector was made  to ver i fy  the statement made by Croney 
and Delany (Reference 3 - 1 )  that the c ross -sec t ion  would sca le  as the fourth 
power of the diameter. This r ay  tracing showed that there  was not a c i rc le  
of zero  path length e r r o r  formed by the intersect ion of the sphere  with the 
plane y = 2 r - 4 f as claimed by Croney and Delany. A close look at the 
geometry in their Figure 2 revealed that they had overlooked the fact  that the 
angle made by the reflected wave with the no rma l  to the surface was not 
res t ra ined  to be equal to the angle of the incident wave. Therefore ,  the s ize  
of the usable cap is not fixed at some percentage of the sphere regard less  of 
diameter.  
f rom the radar - re f lec tor  line of sight. 
would then a l s o  direct ly  scale  up the path length e r r o r s ,  which represent  R F  
phase e r r o r s .  
e r r o r s  exceed 90 degrees ,  the useful cap becomes a sma l l e r  and sma l l e r  
portion of the total reflecting surface of the ref lector  a s  the sphere is  scaled 
l a rge r  and l a rge r .  

Rather the path length e r r o r  i nc reases  continuously with distance 
Scaling up the s ize  of the ref lector  

Since the reflecting surface is no longer useful a f t e r  phase 

It i s  known that the scattering c r o s s  sections of various forms  of 
ref lectors  vary as given in Table 3 - 2 :  

TABLE 3 - 2 .  SCATTERING CROSS SECTIONS 

3 - 8  



I Biconical Reflector 

A biconical type of corner  reflector has  been investigated. The 
biconical corner  reflector i s  shown in F igure  3-4.  
the c i rcu lar  symmetry  which yields full azimuthal  coverage. The main d is -  
advantage i s  the large s ize  f o r  a specified c r o s s  section. 
assumptions were  made pr ior  t o  calculating the s ize  needed to give the 
required r e tu rn  signal: 

The main advantage i s  

The following 

I 
I 

1) There would be no polarization loss because this is a two-bounce 
reflector. 

I 
R 

I 
1 
8 
1 
1 
I 
I 
1 
m 
I 

n 

2) Tolerance loss has been se t  at 3 db ra ther  than the 6 db used for 
the t r ihedra l  ref lectors  because the cone i s  readily adaptable to 
stretching to hold i t s  shape. Fu r the rmore ,  since the biconical 
ref lector  is a curved surface in one direction, phase e r r o r s  a r e  
inherent in the reflected signal. This accounts fo r  i t s  smal l  
effective a r e a  compared to a plane surface. Hence, ex t remely  
tight tolerances a r e  required only in the direction where  the 
surface i s  not curved and  in  the 90 degree angle where the two 
cones meet. 

3) Look angle loss has  been s e t  a t  4-1/2 db. 
tolerance of *15 degrees  for  lunar surface slope plus 12 * 5 
degrees  f o r  the LEM approach angle. 
by tilting the centerline of the corner  up 12 degrees ,  leaving a 
total  angular uncertainty of *20 degrees  about the peak of the 
return. The data is taken f rom a curve of the ver t ica l  coverage 
of a biconical ref lector  published by Southworth (Reference 3-2). 

This derives f rom a 

The 12 degrees  i s  removed 

4) It was assumed that the maximum effective a r e a  of the biconical 
ref lector  i s  3-1/2 db below the maximum effective a r e a  of a 
cylinder of the same  overall  dimensions. Southworth says this 
ra t io  i s  about 1 / 2  for vertical  polarization. Since the reflector 
contemplated i s  large in t e rms  of a wavelength it will behave 
pr imar i ly  as an optical device and will not discriminate against  
horizontal polarization. 
surface suggests that  optically the effective surface would be 
exactly half the equivalent cylinder. 
supported because the cylinder and the biconical reflector a r e  
singly curved surfaces  and the projected a r e a  of the biconical 
reflector i s  half that of the equivalent cylinder. 
db loss would represent  a conservative assumption. 

A pre l iminary  investigation of this 

This resu l t  is fur ther  

Thus, the 3 -  1/2 

5) It assumed that tilting the angle of the ref lector  up 12 degrees  
would not appreciably affect i ts  c ros s  section, weight, o r  method 
of fabrication. 
(except for look angle loss), weight, and fabrication techniques 
a r e  based  on the conventional biconical reflector.  

Hence all  calculations concerning r ada r  performance 
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Figure  3-4. Cross Section of a Biconical Reflector  
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6 )  The reduction in  background clutter by the use of c i rcu lar  
polarization would be 9 db as  w a s  assumed for previous calcula- 
tions. 

Summarizing the losses  and gains gives 

Polar izat ion loss i n  reflector 0 db 

Loss due to tolerances - 3  

Look angle loss -4.5 

Effective a r e a  compared to cylinder -3.5 

Tilting the angle of the 90 degree  co rne r  0 

Total losses  -11 db 

Improved signal to clutter ratio by use 
of c i rcu lar  polarization t 9  

Net loss -2 db 

The scat ter ing c r o s s  sect ion of a cylinder is  given by 

2 2rrab 
A 

u =  

o r  for  a cylinder whose height is 2a 

Reducing this c r o s s  section by 2 db f o r  the biconical reflector yields 

3 
= 0.63 - 8 ~ a  

h 

Calculations f o r  a when u = l o 7  square feet  yield a diameter  and height 
approximately 80 feet  each. 
this design is not recommended. 

This is too large to be considered;  therefore ,  
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3 .  5 VISIBILITY CONSIDERATIONS 

Five factors were  examined in attempting to evaluate the probable 
performance of a passive visual beacon a s  a navigational aid for the Apollo 
misssion.  These were  a s  follows: 

1) Contrast available between diffusely reflecting mater ia l s  and 
background. 

2) Angle subtended by beacon which i s  determined by projected 
area and range. 

3 )  Possible contrast  attenuation by intervening media. 

4) Adaptation brightness for observer .  

5) Magnification and other optical t ransformations of telescope. 

Contrast  

Est imates  of the contrast  assumed solar  illumination of the background 
and reflecting surfaces at the same angle f rom the normal.  Since the sun i s  
assumed to be  between 15 and 45 degrees  above the horizon, this assumption 
is co r rec t  fo r  those surfaces  that a r e  paral le l  to the ground but may  be some- 
what pessimistic for those surfaces  that a r e  perpendicular to the ground. The 
background albedo w a s  assumed to be 0.07, which is  slightly higher than values 
for  the lunar  mar ia  given elsewhere. 

A lambertian diffuse reflecting surface is assumed for the beacon. 
Some white paints for  spacecraf t  t empera ture  control were  artificially aged 
in  a simulated space ultraviolet environment at Lockheed Missi le  and Space 
Company (LMSC). L. A. McKellar (Reference 3 - 3 )  repor t s  that, after expo- 
sure ,  these paints had final albedos of f rom 0 .41  to 0. 73. To be  safely con- 
servat ive the assumption w a s  made that the beacon would have an albedo of 
0. 41 yielding a contrast  of 4. 8. Higher contrasts  a r e  likely, since fo r  the 
par t icular  paint, darkening with ultraviolet exposure may have been caused 
by the c a r r i e r  ra ther  than the pigment and some inorganic pigments have 
albedos a s  high a s  0. 98. 

Subtended Angle 

Several  of the beacon models investigated in the ea r l i e r  par ts  of the 
study had dimensions based on r ada r  requi rements .  The smal les t  of these,  
when viewed from the worst  possible azimuth direction, had a ver t ical  pro-  
jected a r e a  of about 320 square  feet .  The maximum horizontal range for this 
view is less  than 400 n . m i .  since the line of sight to a satel l i te  in an 80-mile 
orbi t  about the moon drops below the horizon a t  this range.  As the line of 
sight elevates above the horizon, the projected a r e a  increases  up to some 
angle near  45 degrees and then diminishes.  
when viewed from directly above was only 225 square  feet .  

The smal les t  projected a r e a  

3 - i z  
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Since illumination will be from one side and with solar  elevations 
between 15 and 45 degrees ,  the illuminated projected a r e a  diminishes as the 
observing satell i te passes  the vertical. With unfavorable orientations, the 
horizontal  illuminated a r e a  mav b e  completely obscured by the ver t ical  bea- 
con sur faces  a t  an angle of about 135 degrees  for  the beacon model with 
t r iangular  ver t ical  sur faces  and a circular  base and a t  120 degrees  for 
those models with trangles o r  quarter c i rc les  for both the horizontal and 
ver t ica l  sur faces  - With m o r e  favorable orientations the beacons may be 
observable through l a rge r  angles, in some cases  near ly  180 degrees .  
The geometry is shown in Figure 3-5. 

As the line of sight approaches the obscuration angles, the visible 
illuminated a r e a s  become quite small. However, the ranges also a r e  quite 
small, about 90 miles  at 120 degrees and 110 miles  a t  135 degrees .  Thus, 
i f  the beacon is visible a t  the longest ranges without obscuration, a relatively 
small unobscured a r e a  should be visible f rom these sho r t e r  ranges,  permit-  
ting tracking to within a few degrees  of the obscuration angle.  

Contrast  Attenuation 

The probability of haze at o r  near  the moon's surface is  negligible, 
so that there  can be  no contrast  attenuation due to scattering along the light 
path. 

Adaptation Brightness 

The  visibility of an object of a given subtended angle and contrast  is a 
function of the brightness (luminance) of the scene to which the obse rve r ' s  eye 
has  become adapted. 
assumed that the adaptation brightness will simply be  the luminance of the lunar 
mar i a  attenuated by the transmittance of the telescope. 
diffuse reflection, the sun high enough to obviate l a rge  shadows, an albedo of 
0.07, and a t ransmit tance of 5 percent, the luminance of the scene i s  about 
3 5 foot - lamber ts  . 

Since the background will f i l l  the field of view it was 

Assuming Lambert ian 

Magnification 

The telescope through which the scene i s  to be viewed h a s  a magnifica- 
tion of 28 and an entrance aper ture  of 1. 58 inches. The effect of the magnifi- - 

L 
cation m a y  increase the apparent a r e a  of the beacon by a factor  of (28) 
decrease  the apparent range by a factor of 1/28. 

o r  

The Rayleigh limit for  a 1. 58-inch aperture ,  when magnified 28 t imes  
i s  about 1. 6 minutes of a r c  for  0. 55 micron light. 
of the eye i s  ordinar i ly  about 1 minute of a r c ,  it can be  assumed that the te le-  
scope is limiting for resolution. A 20-foot diameter  object will subtend the 
resolution limit at about 320 n. mi. The outline should become barely evident 
a t  about one-third this  distance. No correction to the apparent scene luminance 
was made  for the small exit pupil of th i s  instrument  since i t  is  not known i f  th is  
was accounted for  in  the specified t ransmission factor.  

Since the resolution limit 
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Expected Performance 

By using the 320-square foot projected a r e a  of the beacon, a contrast  
of 4 .8 ,  and adaptation brightness of 10 to 100 foot-lamberts,  and a magnifica- 
tion of 28, the range at  which the beacon should be liminally visible was found 
to be about 1400 n. m i .  by use of the Tiffany Foundation visibility nomographs 
(Reference 3-4). Infinite meteorological range,  corresponding to no atmos - 
pheric scattering, was assumed.  F o r  98 percent probability of detection, the 
liminal range f o r  half the actual contrast  was used and was found to be about 
1000 n . m i .  

Fac to r s  Causing Difficulty in Visual Beacon Identification 

Surface SloDes 

Consider two adjacent plane regions on a surface,  one of which is  
tilted with respect to the other with a component of the tilt angle lying i n a  
plane containing the direction toward the source of illumination. 
nation of that region whose normal  made  the smal les t  angle with the direction 
of the solar  rays would be  grea te r ,  and assuming reasonably diffuse reflection, 
that region would appear brighter to an observer .  

The i l lumi- 

If the surface is  a Lambertian diffuse reflector of uniform albedo, the 
contrast  can be shown to be independent of the direction to the observer ,  
assuming that both surface regions can be  seen and the relation satisfied i s  

I I  

sin ( a  t cos (7 - a - 6) 
- I =  C =  Tr 

cos (" - a) 2 

where a is  the so la r  elevation angle relative to one of the regions, and 6 is 
the component of the tilt  angle of the other region in the plane containing a . 

A graph of C ve r sus  a for various values of 6 is given in Figure 3-6 
For  the limited range of a plotted, the curves appear to be asymptotic to 
C = 0. This is not t rue ,  however, since contrasts  mus t  go negative a s  the 
sun passes  some point near  the meridianal  plane, o r  m o r e  exactly a t  
cr = TI2  - 6 1 2 .  

Figure 3-6 indicates that for  the most  probable slopes in  the lunar  
maria, low contrasts a r e  likely at solar elevations of 15 degrees  o r  above. 
Regions with slope grea te r  than a few degrees  must  be relatively small  in a r e a  
and even a 15-degree slope has  a contrast  of l e s s  than 0. 93. 
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320n mi 

HORIZONTAL 

WITH TRIANGULAR CORNER REFLECTOR 
WITH CIRCULAR SECTOR CORNER REFLECTOR 

B =  WITH TRIANGULAR CORNER REFLECTOR AND CIRCULAR BASE 

Figure  3-5.  F i r s t  Pass Line -of -Sight Geometry 
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Figure 3 - 6 .  Contrast  of Slopes ver sus  Solar Elevation Angle 

Various slope t i l t  angles toward sun 
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Effect of Resolution Limit 

Le t  C' be the inherent contrast  of an object of a r e a  a and brightness 
when examined against a background of br ightness  B2 . Then 

C' = B1 - B2 

B2 

Suppose the eye o r  some optical device integrates a l l  the flux f rom one 
resolution element of projected a r e a  A a t  the objects range, 
apparent contrast, C", seen by the eye, assuming all adjacent resolution 
elements have the brightness,  BZ will be 

R . Then the 

aB1 -t (A-a) B2 
C" = - 1  

AB2 

If the resolution limit i s  set  by the diffraction pat tern of the entrance 
aper ture ,  most but not all of the flux from the object points pas ses  through 
the corresponding resolution elements in the image plane. Specifically, i f  
A is  defined by the projection of the c i rc le  whose diameter  i s  defined by the 
Rayleigh angular l imit ,  1. 22  X/D, and if a is  enough smal le r  than A to b e  
considered a point source for pract ical  purposes,  then only about 84 percent  
of the flux from a passes  through the central  disc of the diffraction pattern, 
the remaining 16 percent passing through a s e t  of concentric rings a t  consider-  
ably reduced intensity. 
reduced. Thus, the apparent contract, C , through a diffraction l imited 
instrument  with c i rcu lar  entrance aper ture  is  approximately 

This resul ts  in the apparent contrast  being fur ther  

C = 0 . 8 4 a  C '  A 

where C' 
a < A  where 

is the inherent contrast  of the object whose a r e a  is  a provided 
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2 
) 

A = " R  2 ( 1.22 A 
4 D 

and R i s  the object range, X the wavelength of the 
d iameter .  F o r  l a r g e r  objects C approaches C' 

light, and D the aper ture  
because of the overlapping 

of diffraction patterns of all points not a t  the boundary. 

Discrimination Between Bright Points and Areas  of Enhanced Contrast  
Caused by Slope 

Ideally, a passive lunar  beacon should be identifiable even when its 

This i s  possible because the low albedos of the moon's surface,  
projected a r e a  is too small to fill the diffraction limit of the viewing instru-  
ment. 
especially of the mar ia ,  and the high albedos achievable with various pigments 
make  possible quite high inherent contrasts,  of the o r d e r  of 5 to 10. 

Fo r  sma l l  objects,  i t  was shown in the previous discussion that the 
apparent contrast  mus t  be sma l l e r  than the inherent cont ras t .  
tinguishable f rom other  spots in t h e  field of view with contrast  enhanced by 
increased  illumination of slopes facing the source  of illumination, the remain-  
ing apparent contrast  must  exceed that of the slopes by a factor that i s  
present ly  undetermined. 

To be dis- 

It is known that a minimally trained human observer  can distinguish 
between point sources  using l e s s  than a 10 percent difference in luminous 
flux (e. g. , variable  s t a r  obse rve r s  who regularly es t imate  0. 1 magnitude 
differences).  
extremely low background brightness which would not be  the situation a t  the 
site of the lunar  beacon. Thus, it i s  suspected that it must  take a difference 
appreciably grea te r  than 10 percent  in relative brightness o r  contrast  to dis-  
tinguish between two point sources .  Yet, i t  does not seem likely that a dif- 
ference of as much as a factor of two should be necessary.  

These distinctions a r e  generally made  under conditions of 

Assuming the required difference in contrast  l i e s  between the above 
indicated limits, and assuming that the most  difficult background spots a r e  
15-degree slopes, that the range is 200 n. mi . ,  the aper ture  is 1 .  58 inches, 
the ultimate albedo of the beacon i s  0.6, the albedo of the moon's surface in 
the m a r i a  is 0 . 0 6 5 ,  the probable required horizontal beacon projected a r e a s  
a re  indicated in  F igure  3-7 as a function of so l a r  elevation angle.  

In F igure  3-7  the square  root of the projected a r e a  of the beacon nor -  
mal to the l ine of sight is plotted against the solar  elevation angle for  t h ree  
different assumed cr i te r ia .  
apparent contrast  relative to the horizontal background than a slope of 15- 
degree inclination tilted toward the sun. 
beacon whose dimensions fall below this curve can be  distinguished f rom such 
slopes i f  the la t te r  have projected areas of 325 square feet  o r  more.  
actual a r e a  is 325  square  feet to 595 square feet  depending on viewing angle. 

Curve I is  for  a beacon with 10 percent  higher 

It is highly unlikely that a passive 

The 
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Curve I1 is  for  an apparent contrast  twice a s  grea t  a s  that of the 
competing slopes. Intuitively at least ,  this should be distinguishable f rom 
any competing slope since the apparent contrast  of the slope remains con- 
stant if the a r e a  is appreciably l a rge r  than just  the a r e a  needed to fill the 
Airey disc of the viewing instrument .  

I 
I 
I 

Curve I11 represents  the level at  which the beacon would have an 
apparent contrast of 1. 0 against the expected background. 
a very  safe margin against a uniform background, being about 14 db above 
the level required for 98 percent probability of detection, based on the Tiffany 
Foundation data. 
7. 84 feet in diameter is required. 
diameter  would have the required projected a r e a  at  viewing angles a s  low a s  
15  degrees  above the horizon. 

This represents  

A square projected a r e a  of 6 . 9 5  feet on a side o r  a c i r c l e  
A horizontal c i rc le  l e s s  than 16 feet  in 

The above described curves a r e  based on the relation 

where R i s  the range, A the mean wavelength of light used, D the ape r -  
t u r e  diameter ;  hence is  the projected diameter  in units of 
R of the Airey disc a t  the beacon's range. C i s  the required apparent con- 
t rac t ,  C' the inherent contrast  of the beacon. Fo r  czrve  I, C w a s  1. 1 t imes  
the contrast  of a 15-degree slope (F igure  3-5); for 11, C w a s  2. 0 the slope 
contrast ,  and f o r  111, C was 1 over  the background. C '  was 8 . 2 s .  

(R/Z)  (1. 22X/D) 

Comparison of Horizontal Beacon With Specific Design 

The previous arguments demonstrated that about 90 square feet of 
projected a r e a  normal  to the l ine of sight and an albedo of a t  l eas t  0 . 6  i s  needed 
for  a horizontal lunar beacon to be clear ly  distinguished f rom the most  s eve re  
background conditions a t  200 n. mi. through the Apollo sextant. At  a 200 
n .mi .  slant range corresponding to an 80 mi le  c i rcu lar  orbit ,  the l ine of sight 
i s  about 71. 9 degrees away f rom the vertical .  Therefore ,  the actual horizon- 
tal a r e a  required would be about 290 square feet. 

Since the required a r e a  would go up very rapidly with adverse slope 
angle, such a horizontal beacon cannot be achieved practically i f  the proba- 
bility of falling on a 15 degree slope facing away f rom the sun i s  high. 
beacon with some ver t ical  surfaces  can overcome this problem a s  well a s  
possibly reducing the nominally horizontal a r e a  required. 
r ada r  beacon made up of one o r  m o r e  corner  ref lectors  a l ready contains 
nominally (o r  nearly) ver t ical  as well as nominally horizontal sur faces ,  the 
visual beacon problems can be solved by coating all o r  p a r t  of the surfaces  
with an appropriate pigment. 

A 

Since a passive 
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The problem i s  to determine the actual a r e a s  of the appropriately 
pigmented surface for a specific beacon configuration in  extreme lighting and 
viewing orientations and in the appropriate regime of competing contrast  
areas. 

The relation that will be used is  that for  equal apparent luminance, 
Two Lambert ian ref lectors  have a reas ,  A1 and A2, related by 

A2 
( 3 - 1 )  

where 

pi = albedo o r  reflectivity of ith 

ai = angle between normal  to surface and direction of illumination 

F 
'i 

surface 

( sun) 
= angle between normal  and observer  

At other  ranges the above expression can be modified by noting that 
the required a r e a  is proportional to the square of the ranges,  thus 

L 

1 A2 R2 p 1  cos al cos P 

L r 
' 2  R1 p2  cos a2 cos 

If it i s  des i red  to find the ver t ical  angle a t  which a given sized a r e a  is visible 
with the des i red  contrast ,  it i s  noted 

R e  h sec  8 

where h is the altitude of the observer  and e is the ver t ical  angle. If 6 
is  the a n g l e  of tilt of the slope on which the beacon falls, then for the nominally 
horizontal beacon surfaces ,  
is  away f rom o r  toward the observer .  
par i son  expression above it i s  possible to numerically solve the following 
expression for  0 ; 

/3 = 8 *6, the sign depending on whether the tilt 
Making these substitutions in  the com- 
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1 A h cos a 1  C O S  1 

cos2 e cos ( 9 2  f b 2 )  = 2 (3-2) 
AZRl cos a 2 

2 

where the subscript 1 r e f e r s  to the standard surface and 2 r e f e r s  to the 
comparison surface. 

Hemispherical  Four Sided Corner  Reflector 

Figure3-15 shows one of the probable beacon configurations. 

The visual beacon consists of the square cap and 

The 
radar  beacon consists of four corner  ref lectors  fitted into a hemispherically 
bounded volume. 
pigmented a r e a s  on the ver t ical  surfaces  indicated by shading. 
assumed that the hemisphere i s  35 feet in d iameter  and the cap has  100 square  
feet of a r e a .  
assumed that the cap is  flat and paral le l  to the bottom plane. 

It w i l l  be 

F o r  the cases  discussed in the following paragraphs,  i t  was 

Case I 

The sun and the observer  a r e  considered to be on the s a m e  side of the 
beacon and in the same ver t ical  plane. 
the obse rve r s  range i s  200 n. mi .  (18. 1-degree elevation). F r o m  Figure 3-7,  
the projected a rea  of a horizontal beacon must  be 90 square feet; hence the 
standard beacon a r e a  is 290 square feet, a l  i s  75 degrees ,  p, i s  71.9 degrees .  

The sun elevation i s  at  15 degrees  and 

If i t  happens that the beacon (Figure 3-15) falls on a 15 degree slope 
facing away from the sun, the cap contributes nothing to visibil i ty.  If it i s  
assumed that the beacon has fallen i n  such a way that the ver t ical  sur faces  
make a 45-degree angle with the direction to the sun, the projected a r e a  
of the ver t ica l  pigmented patches is minimum. 

Using Expression 3-1, it can be shown that for visibility equal to that 
of the standard requires  33 square feet of ver t ical  pigmented a r e a  o r  16-1/2 
square feet  on each of the eight ver t ical  a r e a s .  

Case I1 

The assumptions a r e  the same as in Case  I except the beacon is  tilted 
toward the sun and obse rve r .  
increase ,  while the luminance of the ver t ical  sides diminishes approximately 
a s  the square  of the cosine of the change in t i l t  and the top increases  as  the 
square  of the sine. The top has a l a rge r  a rea ;  in fact ,  85-1/2 square  feet  of 
the top cap alone would suffice. 

It is c lear  that the apparent total luminance must  
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Case I11 

The assumptions a r e  the same a s  in Case  I except that the sun elevation 
is  a t  45 degrees .  Now the projected a r e a  of the horizontal beacon need only be 
48 square  feet to the observer ;  thus the s tandard beacon a r e a ,  A1, is  only 155 
square  feet .  The cap supplies negligible luminance. The required a r e a  on the 
ver t ical  s ides  is 79 square  feet  o r  about 39-1/2 square  feet on each of the eight 
ver t ica l  faces .  

Case IV 

The assumptions a r e  the same a s  in Case  I1 except the sun is a t  45 
degrees  elevation. 
3-1 shows 72 square  feet of cap alone would be sufficient. 

A1 is the  s a m e  as  in Case 111. The solution of Expression 

Case V 

The assumptions for  the sun and beacon a r e  the s a m e  a s  in Case  11, but 
It i s  desirable  to determine the observer  is  on the opposite side of the beacon. 

the angle a t  which the beacon is  as visible a s  the s tandard beacon at  200  n . m i .  
with a corresponding observer  elevation angle of 18 .1  deg rees .  

Solving fo r  8 in  Equation 3 - 2  yields an  angle of abbut 19 degrees .  Thus 
the total ver t ica l  angle is l i t t le more than 90 deg rees .  
pessimist ic  even f o r  the adverse  conditions s ince 1) the top cap will sag  some- 
what and 2) the implied contrast  is greater  than necessary  as predicted by the 
Tiffany Foundation data especially since this ca se  occurs  a f te r  the beacon p re -  
sumably has been acquired and tracked continuously for  s eve ra l  minutes under 
initially favorable conditions. 
t rack  to as much as 50 degrees  past the ver t ica l  in this si tuaticn.  

This resul t  i s  unduly 

A case can be made for sufficitqt  contrast  to 

Case VI 

It is desirable  to find the vertical  angle as in  C a s e V  with the assump- 
tions for  the sun and beacon the same as in Case I. 

Since the cap is not illuminated at all in  this case,  t he re  is a small 
Therefore  Case  I11 probability of seeing the beacon much past  the vertical .  

s e t s  the minimum value of pigmented ver t ical  surface a r e a  at about 40 square  
feet p e r  face. The 100-square-foot cap takes  c a r e  of a l l  other situations 
where it is possible to get good range and angular coverage with a visual 
beacon containing only perpendicular plane surfaces .  

Uniquely Oriented Corner  Reflector 

F o r  the uniquely oriented radar beacon consisting of a single 
reflector tilted 20 degrees  toward the expected direction of the LEM 
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t ra jectory,  identical ana lys i s  to that of Case 111 shows that the inner faces of 
each of the two nearly ver t ical  surfaces  require  about 50 square  feet of pig- 
mented a r e a .  A top cap should be included to provide for visibility when the 
sun i s  on the opposite side of the beacon f r o m  the obse rve r ,  i . e . ,  where the 
visible ver t ical  pigmented surfaces  a r e  not illuminated. 
ing through a wide angle on either s ide of the ver t ical ,  this top cap should be 
at least  100 square feet in a r e a  and deployed in such a way a s  to remain 
within 5 degrees of horizontal. 

To guarantee t rack-  

An alternative to the top cap would be two o r  m o r e  separately deployed 
flat beacons rolled out on the lunar  surface near  the r ada r  beacon. These 
beacons should be about 100 square feet each in a rea .  Two o r  m o r e  beacons 
should be used to reduce the probability of a single beacon falling on a 15-degree 
slope facing away f r o m  the sun which would be invisible when the elevation of 
the sun i s  15 degrees, and to reduce the probability of a beacon falling where 
it would be shaded o r  obscured by the r ada r  beacon. The two beacons should 
be  deployed within about 50 feet of the radar  beacon. 

In addition to easing some of the deployment problems, the separate  
horizontal beacons ease  the problem of pigmenting the ver t ical  surfaces  of 
the radar  beacon, since it is unnecessary to locate the pigmented a r e a s  where 
they w i l l  not be shaded o r  obscured by the top cap. 
t i e s  of the pigmented plast ic  o r  paint used and the mater ia l s  used for the radar  
reflecting surfaces,  it may be desirable  to apply the pigmenting in the form of 
a uniform polka dot o r  mesh  pat tern o r  in the form of broad s t r ipes  adjacent 
to the corner  posts. 

Depending on the proper -  
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3. 6 ENVIRONMENTAL MODEL 

The overal l  reliability of the passive beacon to provide a sat isfactory 
ta rge t  a f te r  3 years  on the moon's surface i s  a d i rec t  function of the 
environment. The type of mater ia ls  used in the construction and reflecting 
surface ma te r i a l s  a r e  a function of the environment. 
emphasized that a sat isfactory model of the environment i s  essent ia l  to the 
success  of a passive beacon system. 

It cannot be over  

The complete environment has been established f rom many sources  
of information (References 3-6 through 3-14). 
l iminary resu l t s  f rom the Range 7 and 8 photographic observations.  

The data include the p re -  

Albedo 

Optically the surface of the moon is observed as a source of diffuse 
It i s  diffused by the nature  of the surface mater ia l  and reflected radiation. 

not by any possible atmospheric content. 
p roper t ies  oi the lunar  surface in the visual spectrum a r e  a s  follows: 
(Reference 3-6) 

The variation of the reflective 

Dark plains (maria) 0.065 

Brighter  plains (paludes) 0.091 

Mountain regions ( te r ra i )  0.105 

C r a t e r  bottoms 0.112 

Bright rays  0.131 

B r ighte s t spot (Aris ta  r chu s ) 0.176 

Darkest  spot (inside Oceanus P r o )  0.051 

Bright spots around the maria  a r e  about 0. 12 and 0.  15. The s a m e  
colors  probably exis t  for  smal l  rays surrounding c r a t e r s  that  fall below 
optical resolution. 
generally in various levels of gray. 

Thermal  

If colors  exis t ,  they a r e  very  faint with the surface 

The ex t reme changes in the surface tempera ture  on the moon a r e  
shown in  F igure  3-8 . 
noon to a minimum of 8 0 ° K  a t  the luna r  midnight. 
slightly, perhaps 10 percent ,  a s  a function of the selenographic latitude. 
Since the passive beacon i s  to be located near  the equator the latitude effect 
need not be considered. 

These va ry  from a maximum of 390°K at the lunar  
These values va ry  
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Cosmic Dust 

One of the m o r e  troublesome environmcntal pa rame te r s  i s  the 
continuously bombarding cosmic dust originating f rom within the solar  
sys tem and a secondary par t ic le  that originates f rom the impact of the 
p r i m a r y  particle on the lunar  surface. The distribution of meteori t ic  
mater ia l  in the vicinity of the moon i s  shown in Figure 3-9 and constitutes 
the flux of the p r imary  particle.  These data have been measured  near  
ear th  par t icular ly  in  the region of mass values of l e s s  than 

2 In outer space the flux m a y  be reduced by 10 tc  l o 3  t imes .  
vicinity of the moon, the s a m e  flux a s  measured nea r  ea r th  is used. 

g rams .  
However in the 

The secondary par t ic les  generated differ f rom the p r imary  par t ic les  
in that the velocity imparted is 1/10 that of t e p r i m a r y  par t ic les  and the 
total m a s s  of the ejected mater ia l  is 10  tcj l$ t imes  that of the p r imary  
par t ic le .  This i s  on dust coverage of the passive beacon sur faces .  

F ie lds  and Radiation 

The magnetic fields and the radiation environment a r e  a s  follows: 

Magnetic Field 

Experimental  evidence indicates a field on the o r d e r  of gauss .  
gauss even with the presence of The so lar  magnetic field i s  l e s s  than 

solar  f la re  plasma clouds o r  torques. 

Electromagnetic Radiation 

-2  - 1  
Solar constant 1.39 x e rgs  c m  sec  

-2 o r  1.39 x lumins m 
O 

X-rays X = 1 - 1 0 A  

-2 -1 i - 1  h i e  t sun 1 0 - ~ - 1 0 - ~  e r g s  cm sec  

-2 -1 i - 1  Active sun 1 0 - ~ - 1 0 - ~  e rgs  cm sec  
0 

T- rays  h < l A  

-2 -1  A-1 Quiet sun < e r g s  cm sec  

-2 -1  A-1 Active sun < e r g s  cm sec  

Ultraviol et  500 < A <  3000 A 
5 ergs  cm-' s ec - '  (A)-  " 1  
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During the lunar day ex t reme temperature  variations exist  before 
and af ter  the lunar noon. 
formed by crater  r i m s ,  jagged rocks ,  o r  other  protuberances.  
this i s  not a s  extreme a s  the midnight temperature .  

The temperature  can drop to 120°K in the shadows 
However, 

Since no direct  measurements  have been made ,  the thermal  propert ies  
Two surface of the lunar surface a r e  based on a speculative estimation. 

mater ia l  models have been considered, which based up combined indirect  
IR and R F  measurements .  

Material  A: K ( thermal  conductivity) = 6 x 10 cal  c m  sec - '  ( " C ) - '  
- 6  - 1  

p (density) = 0 . 9  gm c - ~  

c (specific heat)  = 0. 2 cal  gm-' ( a t  2 5 ° C )  

- 3  - 1  1 
Material  B: K = 4 x 10 cal  cm s e c - l  ( " C ) -  

- 3  

- 1  

p = 3 . 0 g m c m  

C = 0 . 2  cal  gm (at  2 5 ° C )  

Local surface mater ia l s  may exist  with thermal  propert ies  s imi la r  
to those of an  infinite layer  of mater ia l  A (extreme insulating model) o r  an 
exposed layer  of mater ia l  B of infinite thickness (ex t reme conductivity 
model). 

Surface Structure 

The lunar surface i s  relatively f ree  f rom l a rge  rocks and protuber-  
ances  in excess of 10 crri. 
when the visible surface begins to make itself felt .  
boulders 1 to 100 m e t e r s  in dimension exist .  This was fur ther  confirmed 
by photographs f rom Ranger.  
gravel ,  o r  cobblestone-sized fragments overlaying a possible frothly rock 
substrate  of very low bearing p res su re .  

Roughness i s  generally of the mi l l imeter  s ize  
However, occasional 

Generally the surface consists of sand, 

The estimated bearing strength of the surface s t ruc ture  i s  a s  follows: 

1)  Static - a static load of 1 psi will penetrate no m o r e  than 10 c m  
below the surface.  

2) Dynamic - A dynamic load of 12  psi  will penetrate no m o r e  than 
30 c m  below the surface.  

One other surface feature that may  exist  i s  the possibility of a dust 
cushion about 1 m e t e r  thick on the sunlighted side of the moon. 
cushion consists of par t ic les  of about g rams  o r  l e s s .  Photoionization 
of the loose surface dust par t ic les  develops charges in each par t ic le  of the 
same  sign; thus, the par t ic les  remain in suspension by electrostat ic  
repulsive forces.  

The 
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Solar f la re  

Solar wind 

Part ic le  Radiation 

1966 to  1969 

virtually no shielding 

-2  1.6  x 1013 protons c m  
for E > 0.2  Mev 

1967 to  1970 

-2  1.8  x protons cm 
for E > 0 . 2  Mev 

for  a 3-year period 

7 8 -2  3 x 10 to 3 10 protons cm 

for 2 < E <  2 0  Kev 

Minor Environmental Con side rations 

Two additional environmental conditions a r e  the presence  of an 
atmosphere and the possible presence of an  ionsphere. Neither of these 
have much effect on the overall  design of a passive beacon but do contribute 
to the completeness of the model. The atmosphere has been skeptically 
measured  and theoretically calculated to be between 
mi l l imeters  of Hg. The composition i s  presumed to consist  of the iner t  
gaseous elements of Krypton, Xenon, and Radon. Because of the d i r ec t  
effect of high energy electromagnetic radiation on the lunar surface 
ma te r i a l s  and some low level gases,  there  i s  a possibility that a sheath of 
e lectrons exists c lose to the ground forming a lunar ionosphere. 
been estimated that this ionosphere contains about l o 4  electrons ~ m - ~ .  

and 10-1 

It has  

Erosion of Passive Beacon 

The environment used in  this study is shown in F igure  3-9  based on 

g r a m  with very-high flux traveling a t  speeds between 
According to the data the f lux  of par t ic les  a t  this mass  is 

data obtained in t e r r e s t r i a l  space. 
mass  a s  low a s  
10-30 km sec - l .  
approximately 0. 1 mm-2 sec-1.  

Pa r t i c l e s  have been measured  with a 
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Each particle a s  i t  s t r i kes  the sur face  d iss ipa tes  i ts  kinetic energy 
in  the forming of a s m a l l  c r a t e r  that  is es t imated to be about t h ree  t imes the 
d iameter  of the par t ic le  for  speeds of 10 to 30 km s e c - l .  The c r a t e r  depth 
o r  penetration of the par t ic le  is a n  indication of the depth of erosion into the 
ta rge t  mater ia l .  An expression f o r  the penetration (devised by Locke) is  

Target Mater ia l  10 km sec- '  

Aluminum, p = 2 .  7 0 .  lp. 

Plas t i c ,  p = 1. 4 0 . 4 ~  

(Reference 3-10) 

30 km s e c - l  

0 .2  P 

0 . 8  P 

where 

P = penetration 

d = diameter  of par t ic le  

= density of par t ic le  
pP 
V = velocity of par t ic le  

pt 

C = speed of sound in ta rge t  ma te r i a l  

A ar t ic le  with a mass of 

= density of t a rge t  mater ia l  

g r a m s  has  a maximum dimension of 
about 10- P cm.  Using the previous equation and the cha rac t e r i s t i c s  of 
plast ic  ( P =  1. 4 g m  ~ m - ~ )  and aluminum, the penetration p e r  impact was 
determined. 
0. 4 micron  for the plast ic .  

The depths were  about 0 . 1  mic ron  f o r  the aluminum and about 

The time to obtain a given depth of e rvs ion  is  based on the s i ze  of 
c r a t e r  obtained and the number of c r a t e r s  required per  unit a r e a ;  in  this 
ca se  1 mm2. 
8 x 
l o 7  par t ic les  of the 
depth. 
seconds o r  about 3 y e a r s .  
aluminum and plastic f o r  par t ic le  velocit ies of 10 and 30 k m  sec -  . 

5 A crater  3 x 10- c m  in dia e t e r  has  an  a r e a  of about 
cm2 o r  approximately 

c m  s i ze  to erode 1 mm2 of surface one penetration 
mm' This means  that i t  would take 

At a par t ic le  flux of 0. 1 mm-2 s e c - l  i t  would require  a t ime of 108 
The resu l t s  a r e  l is ted in Table 3-3 for  the 

1 
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At the end of this 3-year period the ent i re  surface of the ta rge t  would 
be eroded to the depth shown. 
meteor i tes ,  e .  g .  , for  par t ic les  of sufficient s ize  to pass  completely 
through the target  mater ia l  ( d = 5 x 
holes 0. 1 m m  in d iameter  p e r  square me te r .  
amount of erosion to vary  a c r o s s  the t a r g e t  surface.  

There wi l l  be some holes made  by l a rge r  

c m )  there  would be around 3000 
Other par t ic les  will cause the 

Dust CoveraEe of Beacon Surfaces 

The meteori t ic  par t ic les  that cause  erosion of passive beacon 
sur faces  a l so  s t i r  up surface particles (secondary par t ic les )  that can fall 
onto the surfaces  and can  cling to  the surfaces  because of the high vacuum 
and the electrostat ic  potential between the beacon mater ia l  and the lunar  
surface mater ia l .  Even p r i m a r y  particles that impact the lunar surface 
a g rea t  distance f rom the beacon can provide some low energy secondary 
par t ic les  that  fall on the beacon surfaces.  

Assuming the s a m e  pr imary  par t ic le  m a s s  and flux a s  used for  
estimating the extent of sur face  erosion, the charac te r i s t ics  of the secondary 
par t ic les  a r e  assumed to be as follows: 

0 Total m a s s  of the affected par t ic les  (secondaries)  i s  
f rom 10 to l o 2  t imes  the mass of the p r imary  particle.  

0 Velocity of the ejected particle i s  about 0. 1 that of the 
p r imary  particle.  

If i t  i s  fur ther  assumed that the ejected par t ic les  have the same 
individual mass as the p r imary  particle,  the flux of the secondary 
par t ic les  i s  f rom 10 to l o 2  t imes  the flux of the p r i m a r y  par t ic le  but a t  
0. 01 the energ Specifically, the secondary flux i s  then f rom 1 to 10 
par t ic les  mm-T.sec-l .  Not all of these par t ic les  will land over a specific 
region; some generated par t ic les  will escape,  par t icular ly  those in an 
upward direction. Even par t ic les  from completely around the moon could 
conceivably land in the specified area.  

All secondary par t ic les  having a velocity component in excess  of 
the escape speed of 2 . 5  k m  sec- '  and in a direction about the local 
horizontal will escape. 
somewhere on the surface.  
would have a la rge  number of dust  particles flying around except for  the 
fact  that they a r e  directed in their  t ra jector ies  by the so l a r  wind and light 
p r e s s u r e  and stopped by high mountains and ridges.  F o r  the purposes  of 
estimating the amount of coverage, two extreme conditions will be  
considered. 
sur face ;  and second, 100 percent  of the par t ic les  r e tu rn  to the surface.  
Using the assumptions previously mentioned, the percent  of the beacon 
surface covered a s  a function of time was determined. The resu l t s  a r e  

All particles l e s s  than this speed will fall back 
This could mean that the lunar  a tmosphere 

F i r s t ,  only 1 percent  of the secondary par t ic les  re turn  to the 
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shown as Figure 3 -10 .  
of the su r face  covered to a depth of 
would not be the rea l i s t ic  value. 
secondary par t ic les  shows that the coverage i s  small f o r  a 3-year period. 

Even fo r  the wors t  possible condition, the amount. 
This c m  i s  about 14 percent .  

The curve for  a 1-percent  r e tu rn  of the 

These values m u s t  be modified to include the effects of the vacuum 
and electrostat ic  environment. The effects of the vacuum pr imar i ly  cause 
the par t ic les  to  adhere  to steeply inclined sur faces  and would not affect  the 
rate  of accumulation. However, the electrostat ic  potential difference can 
effectively increase the flux of the ejected lunar  mater ia l s .  

Photoionization of a given mater ia l  is a function of the total atomic 
c r o s s  section and the number of a toms p e r  g r a m  of the ma te r i a l .  
concern with respect  to the passive beacon system i s  the difference in the 
number of ejected electrons g m - l  of the beacon mater ia l  and the lunar 
surface material .  

The only 

The total c r o s s  section, E ,  is a function of the following: 

where I i s  the ionization energy and Z i s  the atomic number.  

Using typical values of I and Z f o r  the beacon plast ic  mater ia l  and 
the lunar surface ma te r i a l ,  the difference in  ionization is about a factor  of 
10. 
equivalent lunar area.  The electrostat ic  field difference thus developed 
would a t t r ac t  small  dust  par t ic les  which a re  a l so  slightly charged by the 
photoionization p rocess .  This can be interpreted a s  a potential increase  
in the secondary par t ic le  flux. The percent  dust  coverage of the beacon 
surface is modified by a factor  of 10 and is shown in F igu re  3-10 as  the 
dashed curve.  

This would indicate that the e lec t ros ta t ic  charge would be 10 t imes  the 

Radiation Degradation 

The 3-year service life requirement  for  the passive beacon p r i o r  to 
the Apollo landing places  the beacon on the surface of the moon during the 
upper portion of the maximum solar  sunspot cycle .  
f l a r e  activity produces a n  intense proton radiation environment that could 
conceivably degrade the s t ruc tura l  propert ies  of the ma te r i a l s  used in the 
passive beacon. F r o m  so lar  flare studies made a t  Hughes, the estimated 
proton dose listed in  the environmental model,  the absorbed dose in the 
plast ic  mater ia ls  is es t imated to be about l o 4  Rads (c) .  
increased by 5 percent  by the eve r  present  X-ray ,  y- ray  radiation and 
secondary radiation f rom the lunar sur face .  

l o 8  Rads 
presence of a t r a c e  of oxygen, the threshold dose dec reases  to about lo4  
Rads (c). 

The ex t r eme  so la r  

This is 

The majori ty  of the plastic 
mater ia l s  considered have threshold absorbed radiation leve ls  l r o m  1 0  7 to 

(c )  before any deterioration takes place in a vacuum. With the 
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Figure  3-9. Frequency of Meteorit ic Objects of 
Different Mass in Space 

(after Hawkins, 1963) 

1 2  5 10 2 5 100 2 5 1000 2 5 1qm 
TIME, YEARS 

Figure  3-10. Time for  Flat Surface to be Covered with 
Dust to Thickness of 0.00001 cm (0. lr) 
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Task 2. 1. 
conducted to identify mater ia l s ,  ma te r i a l  propert ies ,  
impregnation methods, and fabrication processes  
which a r e  probable candidates fo r  the combined R F  
and optical m a r k e r  beacons. 

A prel iminary l i terature  survey shal l  be 

3 . 7  MATERIALS AND FABRICATION PROCESSES 

The materials and fabrication p rocesses  under investigation a r e  those 
associated with the production of a large,  light weight, inflatable s t ructure .  
After expansion the s t ructure  w i l l  be r ada r  and /o r  optically visible for  at 
least  3 years  in  the lunar environment. The genera l  configuration w i l l  uti l ize 
a sphere o r  hemisphere and/or  severa l  t o r i  o r  inflated tubes fo r  erect ion of 
the reflector surfaces,  and rigidization of the tubes o r  t o r i  to ensure  p e r -  
manance in the expanded shape a f t e r  loss  of pressurization. Because of the 
optical visibility requirements ,  the ref lector  surfaces  w i l l  uti l ize special  
coatings over metal mesh surfaces .  
the following: 

The objectives of this project  include 

1) Investigation of light weight, flexible film mate rials with 
adequate lunar environment res is tance.  

2) Investigation of coatings or  additives which, when applied to  
the f i lms,  would resul t  in the required optical and r ada r  
reflective prope r t ie  s .  

3 )  Investigation of rigidization sys tems for  the expanded s t ruc ture .  

4) Investigation of methods to fabricate the required s t ructure .  

5) Estimates of the alignment accuracy of the completed s t ructure .  

Environmental Fac tors  

In any investigation of mater ia l s  for  space usage possibly the f i r s t  
consideration should be the stability of the mater ia l s  in the space environ- 
ment. The lunar environmental factors  that the beacon mater ia l s  mus t  r e s i s t  
a r e  as  follows: 

- 12 High vacuum (10-l '  - 10 m m  Hg) 

Temperature ex t remes  ranging from approximately t250 to -300 O F  

Ultraviolet radiation, 'at a flux considerably g rea t e r  than on ear th  

High energy particle radiation 

Mic rome te orite e r osion 
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A la rge  amount of e f fo r t  has  been expended in the las t  few years  to 
determine the effects of these various factors  on many types of mater ia l s ,  
including various plastic f i lms  and coatings. 
fore  made  to assemble the data pertinent to this project. 

A l i terature  search  was there-  

Vacuum 

All mater ia l s  volatilize to some extent in  a high vacuum. However, 
in the c a s e  of long chain polymeric mater ia ls ,  the vapor p re s su re  of the 
basic macromolecule is usually not grea t  enough to be of significance, except 
possibly fo r  a few shor t  chain terminal  groups. The only appreciable weight  
changes that might come about would be f rom degradation of the polymer, to  
shor t  chain lengths, o r  loss of plasticizer. Since only nonplasticized m a t e r -  
ials w i l l  be considered f o r  long term usage, plast ic izer  l o s s  is not a factor. 
In polymer degradation caused by vacuum most  mater ia l s  suitable for high 
temperature  use  would inhibit weight loss. 
thermosett ing mater ia l s ,  such a s  polyesters, expoxie s ,  sil icones,  polyethy- 
lene terephthalate (Mylar),  etc. Also included a r e  unplasticized thermo-  
plastics such a s  polyethylene, polypropylene, and nylon. It should be noted, 
however,  that  these observations a r e  based on the resu l t s  of relatively shor t  
t e r m  t e s t s ;  i. e. approximately 2000 hours maximum. Extrapolation to much 
longer periods may not be reliable since degradation in most  ca ses  takes 
place exponentially. 

This includes a l l  the common 

Thermal Effects 

As given above the lunar thermal  ex t r emes  range f rom approximately 
In genera l  no deterioration occurs  a s  the resul t  of the low t250" to -300°F.  

temperatures ,other  than possible side effects f rom thermal  expansions and 
contractions. However, elevated temperatures  increase  weight loss and the 
rate of degradation. 
accurately estimate the extent of weight loss of polymers ,  since these nor -  
mally do not degrade and vaporize into a gas  phase, but r a the r  a r e  reduced 
into shor te r  chain fragments  which a re  lost  in the vacuum. The degradation 
(and m a s s  loss),  while tempera ture  dependent, is  a l so  affected by ultraviolet 
and ionizing radiation. Therefore,  i t  is  extremely difficult to  make definite 
predictions of the weight loss of any polymer. It is possible by maintaining 
the ma te r i a l  a t  low temperatures  to  minimize the losses .  In some cases  
this  low equilibrium tempera ture  is an inherent proper ty  of the polymer, and 
in  others  a coating o r  t reatment  is required to a s s u r e  a 1 o w T r a t i o .  
event high temperature  res i s tan t ,  thermosetting mater ia l s  would always be 
considered the bet ter  mater ia ls  for  resistance to the the rma l  effects. 

It is  not possible to utilize the Langmuir equation to  

CY In any 

U It r avio le t Radiation 

Probably the most  damaging environmental factor  for  thin polymeric 
substances is  ultraviolet radiation from the sun. 
effect is as pronounced on the moon, during the lunar 
other pa r t  of space. 
includes radiation f rom 1000 to 3000 A .  

It is presumed that  this 
day , a s  it is in any 

Wavelengths f rom 1000 to 3000 A 
The ultraviolet radiation which is expected on the m:on 
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have the highest energy of the ultraviolet spectrum. The effects produced by 
the ultraviolet radiation a r e  a l so  accelerated by the accompanying absorption 
of infrared radiation which causes  a hea t  r i se .  The resultant effects could 
be of four types: 1) random chain breaking 2) crosslinking, 3) breaking off 
side chains,  and 4) unzippering or shortening of the chain by scission. This 
las t  effect i s  most noticeable on thermoplastic mater ia l s  such a s  polyethylene 
and polypropylene which therefore possibly precludes the i r  u se  in this applica- 
tion. On the other hand, unprotected Mylar exposed to ultraviolet radiation 
rapidly turns  brown and embri t t les .  
for  metallized Mylar over a longer period of time. 

The s a m e  effect has  a l so  been reported 

Unlike infrared rays  ultraviolet and visible radiation do not easi ly  
penetrate material. Therefore inclusion of a surface coating such as meta l -  
lizing or  an  opaque paint would serve  to  protect the film. 
the coating mould have to be one which was relatively stable under the effects 
of the ultraviolet radiation, and i t  would have to have a n  < ra t io  that would 
maintain the surface a t  a relatively low temperature .  

o n  the other hand 

Pa r t i c  le Radiation 

High energy particle radiation can not be a s  easi ly  shielded a s  u l t ra -  
violet. The particle radiations (protons,  e lectrons,  and neutrons) produce 
ei ther  ionization o r  excitation of the molecule. Three processes  can occur:  
chain scission, polymerization, and crosslinking. Generally a l l  th ree  pro-  
c e s s e s  take place simultaneously, with one process  predominating. The 
effects  of the chain sciss ion a r e  to cause the polymer tosoften and degrade 
badly. Polymerization and crosslinking, i f  not c a r r i e d  too far, actually can 
be beneficial causing increases  in strength and rigidity. The presence o r  
absence of oxygen has  a large effect on the final resu l t s  of these tes ts .  U n -  
fortunately, the grea t  major i ty  of the tes ts  were  not conducted i n  vacuum. 
Mylar, polyimides, f luorocarbons,  and some nylons appear  to  be the bes t  of 
the nonfilled plastics. Thermosetting r e s ins ,  such a s  phenolics, polyesters 
and epoxies, when combined with f i l lers  such a s  glass  f ibers ,  appear  to  have 
adequate res is tance in this regard.  

Micrometeorite E rosion 

The data on micrometeori te  erosion i s  probably the most  controver-  
s ia l  because of lack of uniformity. Nevertheless,  i t  may be concluded that 
micrometeorite erosion will not be a problem to the polymeric mater ia l s  
because 1) the mater ia l s  will be thick enough to r e s i s t  the erosive effects of 
micrometeori tes  and 2) the outer thermal  r a d a r  and /o r  optical coatings w i l l  
withstand most of the damaging effects (References 3-15 through 3-21). 

Summary  

An attempt to summar ize  the l i terature  data (sometimes conflicting, 
and all of i t  based on relatively short  t ime duration) is shown below 
(References 3-22 and 3-23). - 

3 - 34 



I 
1 
1 
1 
I 
I 
I 
I 
8 
1 
I 
I 
I 
1 
I 
1 
I 
I 

F i l m  Mate rials 

The following mater ia l s  a re  suitable as a base for reflector surfaces .  

Mylar. Mylar,  when sufficiently metall ized, remains one of the 
most  a t t ract ive film mate rials; however only i f  maintained at tempera tures  
wel l  below 200°F. 
panied by embri t t lement ,  and possible shrinkage. 

At elevated tempera tures  weight losses  take place accom-  

Teflon FEP. Considerably less data is available on this mater ia l .  
Nevertheless  it appea r s  to be more stable than Mylar f r o m  the standpoint of 
heat  and ultraviolet  res is tance.  
g rav i ty  of the mater ia l ,  and lack of availability in  very  thin gages. 

Its major  disadvantage is the higher  specific 

Tedlar  (Polyvinyl Fluoride). Since this is a relatively new ma te r i a l  
da ta  is v e r y  s c a r c e  on its resis tance to space environment conditions. 
Standard outdoor weathering tes t s  on pigmented and c lear  f i lms,  however, 
indicate that this ma te r i a l  is outstanding in  its ultraviolet res is tance,  superior ,  
in  fact ,  to a l l  other polymeric films. 
s tandard  atmosphere,  it may be assumed that ultraviolet res is tance,  in  the 
absence of oxygen, would be even better. 
been run as long as 19 years  with outstanding resul ts .  

Since these tes t s  w e r e  a l l  run in a 

Tes ts  to outdoor exposure have 

Kapton H. 
This  ma te r i a l  is by far the bes t  mater ia l  f rom the standpoint of heat, particle,  
and radiation resis tance,  with good ultraviolet res is tance.  The major dis - 
advantages of this m a t e r i a l  a r e  the somewhat lower physical propert ies  than 
Mylar at room t empera tu res  (balanced by considerably better proper t ies  at 
t empera tu res  above 300 O F ) ,  difficulty in bonding, and nonavailability in  ex- 
t r eme ly  thin gages such as 1 / 4  o r  1/2 mil. 
mately the same  as Mylar. 

(DuPont Company polyimide fo rmer ly  called H-film). 

The specific gravi ty  is approxi- 

More sat isfactory than metallizing any of the above f i lms  is the con- 
cept of a composite mater ia l ,  e .  g . ,  aluminum foil laminated either to Mylar,  
polypropylene, o r  other available thin, light-weight fi lms. Such composite 
m a t e r i a l s  exhibit the space environment res i s tance  of a solid aluminum foil  
combined with the toughness and crease  r e s i s t ance  of the organic base ma-  
terial .  
effectively protects  the organic f i lm ,  while at the same  t ime being reinforced 
by the polymer. 
able for  use. 

When the aluminum is used a s  the outer  layers  of the sandwich it 

A number of such composite laminates  are cur ren t ly  avail-  

Thus, the p r e f e r r e d  mater ia ls  for  the reflector applications would be 
aluminum -Mylar -aluminum laminates or  possibly aluminum -polypropylene - 
aluminum laminates.  If used solely as’ a r a d a r  reflector the aluminum would 
be given a the rma l  control coating to maintain the equibrium temperature  of 
the skin to a maximum of approximately 1 2 0 ° F  when facing the sun. 
reflector element is to be used for  both r a d a r  and optics, an additional white, 
t he rma l  control coating would be applied. 

If the 
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The tor i  rigidizing elements  could be readily made usin g lass  fabr ics  

impregnated with any one 01 seve ra l  thermosett ing r e s i n s ,  and 7 o r  gelatin, a s  
described later. The spherical  shapes required could be made using any of 
the available light f i lms; however,  to minimize embri t t lement  and shrinkage 
s t r e s s e s  f r o m  affecting the reflector su r faces ,  i t  i s  believed necessary  that 
the sphere be nonpermanent. 
would be used. This mater ia l ,  available f r o m  the Goodyear Aircraf t  Company, 
has the property of disentegrating when exposed to ultraviolet and vacuum 
conditions. 

Fo r  this application then a photolyzable film 

Task 2 . 2 .  Based on the data acquired in Tasks 
1. 1 and 2. I ,  prel iminary requirements  defini- 
tion studies shal l  be conducted to select  the m a -  
t e r i a l s  and processes  which appear  to be desirable  
candidates fo r  satisfying the performance 
requirements  . 

3.8  MATERIALS SELECTION 

Based on the data presented in the preceding section it appears  that  
f i lm mater ia l s  a r e  available which could be used for fabriction of the reflector 
elements. In each case  these mater ia ls  would have to be metallized, or  
laminated to a metal  f i lm to obtain r ada r  reflective propert ies .  
would a l so  have to  be coated o r  pigmented to  obtain the required optical v i s i -  
bility properties. In addition to  the charac te r i s t ics  of the mater ia l  such pro-  
per t ies  a s  available s izes ,  thicknesses,  pigmenting possibilities, and pro-  
cessing information have been examined to make a valid mater ia l  selection. 

Each film 

Reflector Element Materials 

A listing of the propert ies  and charac te r i s t ics  of the various available 
composite film mater ia l s  is shown in Table 3-4. Table 3-4 l is ts  seven ma-  
t e r i a l s  which might be used a s  ref lector  elements.  Of the seven mater ia l s  
the lightest, metallized Mylar,  i s  the one considered to be the most  doubtful 
f rom the standpoint of ultraviolet and radiation resis tance for the required 
3-year period. The next lightest mater ia l ,  the two-ply aluminum foil - Mylar 
laminate,  i s  not believed sat isfactory for  long t e r m  usage, since being a two- 
ply laminate,  the exposed Mylar surface would be darkened and embri t t led,  
thus changing the thermal  propert ies  and  inducing s t r e s s e s  in the mater ia l .  
The most  satisfactory ma te r i a l  then is  the three-ply aluminum foil-poly- 
propylene -aluminum f o i l  laminate, This mater ia l  has  been produced by the 
G. T. Schjeldahl Company, and has  been evaluated by NASA. It is  produced 
with either 58 percent or 70 percent of the aluminum etched away in an hexa- 
gonal pat tern as  shown in Figure 3-11. The etched a r e a s  in the aluminum foil 
are sufficiently smal l ,  however, s o  that the laminate behaves as a solid 
ref lector  to radar wavelengths of 2. 53 c m  (X-band o r  longer). This m a t e r i a l ,  
then, because of i t s  combination of light weight, medium thickness, good 
weatherability, and cu r ren t  availability, i s  the recommended mater ia l  for  use 
a s  the r ada r  reflector mater ia l .  
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Figure 3-1 1. Chem Milled Aluminum Foil-Polymer 
Lam inat e 
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Two other  foil-polymer laminates , FEP and P V F  (Tedlar)  composites , 
a r e  shown in Table 3-4. In both cases the vendor, the DuPont Company, fur- 
nishes e i ther  mater ia l  in a minimum thickness of 0 . 5  mil ,  and in this thick- 
ness  , only as a c l ea r  f i lm.  The Tedlar mater ia l ,  however, can be made by 
DuPont as 0 . 5  mi l  pigmented stock. A pigmenting process  would have to be 
developed for the FEP mater ia l  if the fi lm i s  to be viewed as a white mater ia l .  
The use of the Kapton-HF f i lm would probably also give a good ultraviolet 
f i lm.  
In addition the requirement for  the u s e  of the 1 / 2  mi l  FEP film to bond the 
ma te r i a l  makes for excessive weight. The most  promising mater ia l  for a 
pigmented fi lm is the Tedlar,  if some smal l  development effort is added. 
This mater ia l ,  combined with etched aluminum foil o r  pat tern metallized 
aluminum could then resul t  in the b e s t  composite mater ia l  for  both r ada r  and 
optical  visibility. 

However, it  currently is not available in a thickness less than 1 .0  mil. 

The problem of providing radar  reflectivity in any of the films is  seen  
to be relatively minor .  However, providing optical visibility, along with con- 
t r o l  of tempera ture  i s  a considerably m o r e  difficult task,  f rom the standpoint 
of providing a s table  coating which will not add excessive weight to the final 
assembly and which will have good thermal  control propert ies .  

ODtical -The rma l  Coatings 

An investigation was made of coatings which might s e rve  a s  optical 
The requirements  for  aids and at the s a m e  t ime provide thermal  control.  

such a coating a r e  as follows: 

1) It should be a pure white for  maximum contrast  with the lunar  
sur face .  

2 )  It should not change color on exposure to the ultraviolet o r  the 
vacuum-thermal conditions of the lunar a tmosphere,  during the 
3 year  period. 

3) It should have an  9 ratio such that the equilibrium tempera ture  is 
well below 200 OF. 

4) It should have a flexible binder which will adhere well to the 
selected film. 

The resul ts  of the investigation indicated that zinc oxide pigment is 
currently regarded a s  the optimum mater ia l  f rom the standpoint of u l t ra -  
violet stability and satisfactory $ ratio. 
ence 3-24)  developed by the Illinois Institute of Technology Research  Institute 
appears  to have the des i red  character is t ics  of color,  flexibility, and the rma l  
control.  
This mater ia l  utilizes a General Electric Silicone RTV a s  the binder and 
40 percent zinc oxide a s  the pigment. 
0 .88 to 0 .91 .  
hour t e s t s .  

A coating, designated s- 13 (Reier -  

It has  been used fo r  a number of other inflatable space  s t ruc tu res .  

The i s  given a s  0.18 and the €ir as 

The weight of this mater ia l  is approximately 12.5 lb /  1000 f t2  a t  
The paint has proven ve ry  s table  in up to 4000 so la r  equivalent 
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a thickness of 1 m i l .  For  best  adhesion 
conjunction with a p r imer ,  which weighs 
recommended thickness of 0 . 5  m i l .  

the f inish must  be applied in  
approximately 4 . 0  l b /  1000 ftz in the 

The S-13 finish has been tes ted  in a s imulated space environment for  

An extrapolation of the curve to L O ,  000 hours 
4200 hours (approximately 6 months) during which t ime the s o l a r  absorbtivity 
increased f rom 0 . 2 1  to 0 . 2 7 .  
indicates that the absorbtivity will increase  to  approximately 0 . 3  1 .  
represents  considerably m o r e  than 3 yea r s  lunar  exposure,  considering that 
half the time will be during the lunar night.)  
a fa i r ly  constant c of 0 . 9 ,  the maximum tempera ture  anticipated is then 
approximately 100 O F ,  which, if reached, should not prove excessively de te r i -  
orating to the underlying aluminum composite s t r u c t u r e .  

(This  t ime 

At the maximum a of 0 .31  and 

Because of the ex t reme weight penalty attendant to i ts  use ,  it  i s  
planned to  apply the s -13  finish to the aluminum foil laminate in  a polka dot 
pat tern on only those a r e a s  where it is  necessary  to have opt ical  visibil i ty.  
The combination of the  S-13 paint f i lm, p r imer ,  and the r a d a r  reflective 
laminate will result  in  a mater ia l  weighing approximately 2 2 . 0  lb /  1000 ft2.  
This ma te r i a l ,  however, is the only mater ia l  current ly  known to have the 
des i red  properties of high whiteness, flexibility, and stabil i ty required for  
this application. 
mented Tedlar is proven to have the des i red  space environment stabil i ty.  
This ma te r i a l ,  i f  produced in  a thickness of 0 . 0 0 1  inch, white pigmented, 
and then metallized in the required pattern would weigh approximately 8 . 0  lb/  
1000 square  ft2. Even 
m o r e  weight savings could r e su l t  i f  0 . 5  mi l  white pigmented Tedlar  is  pro- 
duced and found sa t i s fac tory .  

A considerable savings in weight would resu l t  if white pig- 

The weight savings could then be quite impress ive .  

In the case of the aluminum foil surfaces  used solely for  r ada r  ref lec-  
tion, it is planned to use a chemical coating which has been found to show 
excellent thermal  control cha rac t e r i s t i c s .  This coating, Amer ican  Chemical 
Company Alodine 401-45, can change the a/< ra t io  f r o m  6 . 5  to 1 . 7 ,  thus 
assuring an equilibrium tempera ture  that could be the s a m e  as that reached 
by the white painted a r e a s .  
t he rma l  s t r e s s e s  will r e su l t .  Since one s ide  of the re f lec tor  surfaces  would 
face the sun  and the other  s ide  would face deep space,  p re l iminary  analysis 
indicates that  the  equilibrium tempera ture  would be approximately 0 O F  during 
the lunar  day and considerably below this  during the lunar  night. With this 
prel iminary analysis data,  thermal  effects a r e  not considered to represent  
a major  problem. 

Thus, it  is anticipated that minimum differential  

Long t e r m  space  environment exposure data was a l so  not available on 
the Alodine t reated su r faces .  
the polymeric component in  the aluminum surfaced laminate,  maintenance 
of a low temperature  i s  of l e s s  importance.  

However, if a photolyzable film were  used as 

In addition to assur ing that the s t ruc tu re  does not reach  excessive 
tempera ture  while on  the moon, it i s  a l so  necessary  that the packaged s t r u c -  
t u r e  be kept at a reasonable tempera ture  during the cis- lunar  phase.  While 
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ir: t r ans i t  i t  i s  planned that the marker  will be packaged in a n  hermetically 
sealed container.  This i s  necessary,  s ince the rigidizable tori  will s t i l l  be 
ill the "wet" uncured s ta te .  A thermal  control coating (o r  possibly hea ters )  
-%r;il i  then be applied to the exter ior  of the package so  as to maintain the con- 
tents at a tempera ture  of 50' to 125 "F. Within this range the mater ia ls  will 
nei ther  be  too ha rd  for  deployment, o r  too soft and low in viscosity to rigidize 
sat isfactor i ly .  A detailed analysis of the thermal  control sys tem cannot be 
furnished at this t ime because no data i s  available regarding the position of 
the m a r k e r  container relative to the r e s t  of the vehicle, orientation to the 
sun,  etc. However, it  i s  anticipated that the the rma l  control sys t em would 
not be over  a few percent  of the total weight of the ent i re  package. 
ment on the lunar  sur face  i t  i s  only necessary that the s t ruc ture  be between 
the required tempera tures .  

On deploy- 

Supporting Structure  
* 

In addition to the reflective surfaces and the optical and thermal  con- 
t r o l  coatings, it  i s  a l so  necessary  that some method be developed to e rec t  the 
s t ruc tu re  and to maintain it in  the expanded position af ter  loss  of the p r e s -  
sur iz ing media.  The methods proposed for  the various configurations investi- 
gated all involve the use  of inflated, plastic res in  impregnated fiberglass to r i ,  
o r  plastic-fiberglass gr id .  The resin in the fiberglass would be uncured and 
flexible on ear th ,  so  that the s t ructure  could be compactly packaged- 
expansion of the s t ruc ture ,  the to r i  would be automatically rigidized using 
some  condition in the space  environment o r  a gas  as the activating mechanism-  
An investigation was therefore  made into the various chemical sys tems which 
could be used to rigidize the s t ruc ture .  
available for  this purpose and a comparison of the i r  charac te r i s t ics  - 

After 

Table 3-5 shows the methods curren ' ly  

In each of the rigidization systems i t  is  planned to use  either a 
braided fiberglass tube o r  glass  fabric, bias cut,  to  fo rm the tubes.  
impregnation of the fiberglass a thin polyethylene tube i s  inser ted  on the 
inside of the fiberglass tube to act  as an  inflation bladder.  
f i lm covering is used on the outside of the fiberglass to act ds 
It i s  anticipated that a torus  in  a 2-inch d iameter ,  with approximately 0.015- 
inch wall thickness would weigh 6 . 6  lb/  100 l inear  feet .  

After 

A s imi l a r  thin 
parting agent. 

One of the major  problems i n  erecting the ref lector  webs by means of 

It was felt that the webs would be fully extended, and wrinkle 
a p re s su r i zed  sphe re  and to r i  was believed to be the effects of shrinkage as 
the r e s i n  cured .  
free at the t ime of initial pressurizat ion.  
r igidized, the r e s in  cure  shrinkage would permi t  the webs to  s lump slightly, 
which could then cause some wrinkling and /o r  change in orthogonality. 
were  performed with ver t ical  s t r ips  of 'glass fabr ic ,  which had sma l l  weights 
on one end corresponding to a load of approximately 5 psi .  The position of 
the weight was measured  carefully; the s t r ip s  were  then r e s in  impregnated 
and the r e s in  was allowed to c u r e  (or d r y  in the case  of the gelatin).  
surpr i s ing  resu l t s  obtained indicated that the gelatin impregnated samples  a t  
f i r s t  elongated, and then shrank approximately 0 . 1  percent a f te r  drying. 
the c a s e  of s imi l a r  tes t s  run  with a polyester res in ,  the final resul t  was 

However, after the to r i  became 

Tes ts  

The 

In 
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approximately 0 . 0 4  percent elongation caused by the sl ight continuous tensi le  
load maintained. 
to r e s i n  cu re ,  should not constitute a ser ious  problem. 

The resu l t  of these t e s t s  indicate that init ial  shrinkage, due 

In constructing any of the configurations, i t  is planned that a to rus  
would be attached continuously to a web. 
then cause it to expand to the l imit  of the web, and to cu re  in  this posit ion.  
In this event slight shrinkage should take place.  
o r  Mylar is  used a s  the polymeric layer  in  the re f lec tor  web, continuous 
exposure a t  a n  elevated tempera ture  will a l so  cause s o m e  slight shrinkage 
which should then help counteract the effect of the shrinkage in the t o r u s .  

Pressur iza t ion  of the torus  would 

However, i f  polypropylene 

Recent tes ts  with the gelatin sys t em indicate that it is possible to l rBrr  
s tage  the gelatin r e s i n .  
changed f rom a highly viscous liquid to a rubbery s t a t e ,  a f te r  impregnation. 
This could mean a substant ia l  weight reduction when using this sys t em,  s ince 
the mater ia l  could be kept flexible with a lower solvent (water )  content, and 
possibly the outer parting film could be eliminated. 
of this sys t em a r e  being made a t  Hughes Aircraf t  as pa r t  of another p ro jec t .  

This development means  that the gelatin may be 

Fur the r  investigations 

Erect ion Sphere 

To erect  a n  inflatable m a r k e r  beacon with the highest degree of effi- 
ciency, i t  i s  necessary that the reflective elements be as wrinkle-free as 
possible and with orthogonality as prec ise  as possible.  Previous fabrication 
experience has indicated that inflatable spheres  can be made to a high degree  
of dimensional accuracy .  It i s  therefore  planned to uti l ize a sphe re ,  i n  con- 
junction with the expandable to r i ,  to fabr icate  pa r t s  with the highest dimen- 
s ional  accuracy.  

In u s e ,  the sphe re  and the to r i  would be inflated simultaneously.  The 
sphere  would then a c t  as  an  accura te  spa t ia l  locator for  the t o r i .  
sphere  and the to r i  would be kept inflated until the to r i  have been rigidized. 
After rigidization the sphere  would lose  its pressurizat ion and be allowed to 
collapse against the to r i  "ribs." If the sphere  were  made of 1 / 4  o r  1 /2  m i l  
polypropylene o r  Mylar, the l ightest  weight s t r u c t u r e  would be a s su red .  
However, after a few months of radiation of e i ther  of these mater ia l s  t h e r e  
would be a good possibil i ty of t o r i  dis tor t ion as the sphere  ma te r i a l  became 
embrit t led and shrank  nonhomogenously. To prevent such a n  occurrence i t  
is planned to  investigate the use  of a photolyzable film produced by the Good- 
year  Ai rcraf t  Company. With the use  of this film it will  be possible to e r e c t  
the sphe re ,  and a f t e r  approximately 20 to 40 hours of high ultraviolet  i r r a d i -  
ation, the film will dis integrate .  Information regarding types of film avai l -  
able ,  weights, processing,  e t c .  has  been received f rom the Goodyear Aero-  
space Company (Reference 3 - 2 9 ) .  Current ly  this  ma te r i a l  has  been made in  
widths up to 54 inches and thicknesses as low as 1 . 0  m i l .  
1 /2  o r  1 / 4  mil a r e  a distinct possibil i ty.  
s tandard adhesive and heat sealing techniques. 
foil  have not yet been made,  but Goodyear s t a t e s  that  such laminates can be 
made .  It i s  planned that the photolyzable film would be used in  conjunction 

Both the 

Films as thin as 
The film can be processed by 

Laminates with aluminum 
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with the chemically milled aluminum. 
e rec ted  a s  a solid f i lm.  However, after a shor t  exposure to the ultraviolet 
light and vacuum, the fi lm would be dissipated in the open spots .  
ing perforated fi lm would then be considerably l e s s  vulnerable to shrinkage 
o r  warping effects which might occur i f  polypropylene o r  Mylar film was 
contained between the perforat ions.  In the event that the photolyzable fi lm 
proves impract ical  o r  unavailable, it i s  planned to use polypropylene a s  the 
sphe re  mater ia l .  

Thus a reflector web would be initially 

The remain- 

TABLE 3-5. POSSIBLE RIGIDIZATION SYSTEMS 

System 

Polyester  

Epoxy Resin 

Gelatin 

Polyurethane 

Polyester  o r  
epoxy 

Activation 
Means 

Ultraviolet 
radiation 

Infra r ed 
radiation 

Vacuum 
(solvent 
loss )  

Water 
vapor 

Gas 
catalysis 

Rigidiza- 
tion Time 

45 minutes- 

1 to 8 
hours 

4 to 16 
hours 

1 to 16 
hours 
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Remarks 

Must be completely exposed to 
the ultraviolet source .  Could 
not tolerate  shadow a r e a s  
(Reference 3-25). 

Should have a variable a/< 
coating to  have a n  initially high 
temperature ,  which thev 
changes to a low tempera ture  
a f te r  rigidization. Also can 
not tolerate  shadow a r e a s  
(Reference 3 - 25). 

Possible weight penalty of 10 
to 15 percent .  Good ul t ra-  
violet res is tance (References 
3-25 and 26).  

Possibly 5 to 25 percent weight 
penalty for  water and valving 
sys tem,  (Reference 3-27). 

These sys tems a r e  said to 
have been recently developed 
Complete information i s  not 
yet available. Use of the gas  
catalysis removes the 
"shadow" and var iable  a/€ 
limitations shown above 
(Reference 3 -  28). 



Task 2.3.  Consideration shall  be given to observation by 
the spacecraft imaging sys tem of the ejection and deploy- 
ment proce s s e s .  

3 . 9  BEACON OBSERVATION DURING DEPLOYMENT 

Imaging system viewing of the deployment process  by the beacon 
parent  vehicle i s  a desirable  sys tem character is t ic .  P r imar i ly  it will p ro-  
vide visual evidence that the beacon has  deployed and erected properly.  In 
addition it w i l l  permit  an assessment  of the degree of margin  o r  angular 
coverage which wi l l  be available in the event a hemispherical  configuration 
i s  deployed rather than a uniquely oriented mechanism. 

The areas  that effect the viewing capability fall into three  general 
categories.  These a r e  as  follows: 

1) Imaging system field of view capability 

2) Imaging system focus capability 

3) Telecommunications limitations 

The Surveyor spacecraf t  survey TV imaging subsystem has  a narrow 
and wide angle field of view. 
and 25. 4 degrees in azimuth and elevation respectively. 
not (-errnit viewing the completely inflated and rigidized beacons a s  a whole 
objtLt unless the beacon i s  deployed f a r  enough away from the spacecraft  to 
permi t  viewing. 
have to be ejected approximately 80 feet f rom the spacecraf t  to just  f i l l  the 
view of the imaging system. For  optimum viewing it should be f a r  enough 
away to permit  i t  t o  be f ramed against lunar background requiring that the 
beacon be displayed even far ther .  If the beacon were  uniquely oriented and 
thus could be somewhat smal le r  in overall  dimensions, it would have to be 
deployed on approximately a 60-foot boom to jus t  f i l l  the view of the imaging 
system. 
view not to eject o r  deploy the beacon any fa r ther  than would be required to 
prevent spacecraft observation of the beacon. 
deployment and unfolding of the beacon wi l l  have to be accomplished by taking 
successive f rames  a s  the cameras  viewing angle i s  slewed in azimuth and ele- 
vation, sweeping a c r o s s  the beacon in a prescr ibed  r a s t e r  and then recon- 
structing a composite image f r o m  the combined f r ames .  Since this i s  a com- 
mon technique it i s  not expected to provide any significant problems. The 
t ime required to scan the completely e.rected sphere o r  hemisphere i s  a func- 
tion of the numberof f rames  required.  Since f r ames  may  be taken and t rans-  
mitted a t  3. 6-second intervals,  the total t ime required to scan the complete 
beacon i s  not expected to be excessive. 

These a r e  6 . 4  degrees  in azimuth and elevation, 
This capability does 

Typically i f  the beacon were  a 35-foot hemisphere,  it would 

In either case  i t  is desirable  f rom a mechanisms weight point of 

Therefore,  the viewing of the 

The imaging system focus capability i s  f rom 4 feet to infinity. This 
capability limits the viewing of the deployment cannister o r  folded boom but 
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presen t s  no problem in focusing on the erect ion and rigidization process .  
Since the deployment and ejection can be instrumented to provide engineering 
data, it is not essential  that the near field be in focus. 

If the cannis ter  i s  located s o  a s  t o  be in focus (far ther  than 4 feet f rom 
one of the survey T V  c a m e r s ) ,  simultaneous t ransmiss ion  of the video and 
the engineering data  may present  an additional problem. 
l imitations the cu r ren t  Surveyor spacecraft  cannot simultaneously t r ansmi t  
both se t s  of data. This  l imitation will, however, probably not exist on Block 
1A o r  Block I1 Surveyor spacecraf t .  

Because of bandwidth 

The wideband telecommunication bandwidth requirements  for the imaging 
sys tem p resen t  another problem. 
Surveyor high gain planar  a r r a y  antenna must  be uniquely or iented t o  provide 
a sufficient signal-to-noise level a t  the DSIF rece ivers .  
the uniquely oriented beacon when deployed and erec ted  could obscure the 
planar  a r r a y s  ear th  l ine of sight. 
One method that may be  utilized to eliminate the interference i f  it did occur  
would be to slew the beacon after boom deployment and beacon erect ion to 
another position; then r e tu rn  it to the des i r ed  orientation. Unfortunately 
because of the t ime limitations imposed by the study, the effects of this addi- 
tional maneuver on the deployment mechanism have not been determined. At 
the very  l ea s t  there  would be a reduction in the sys t em reliability because of 
the additional maneuvers  required.  

For wideband telecommunications the 

It is possible that 

In this event no video could be received. 

Another factor that w a s  considered for beacon viewing w a s  the reflec- 
If the reflective proper t ies  and the i l luminat-  tive proper t ies  of the marke r .  

ing source  a r e  such that the camera  automatic iris setting sys tem reg i s t e r s  
illumination grea t  enough to damage the vidicon faceplate, the camera  shutter 
is inhibited and no p ic ture  can be taken. It i s  not considered likely that either 
the white diffuse reflective surface of the optical beacon nor  the sphere  e rec ted  
R F  reflector whose ver t ical  surfaces  a r e  optically t rea ted  w i l l  cau'se the shut- 
t e r  to be inhibited. 
the effect of direct  sunlight. 

However, further consideration wi l l  have to be  given to 
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3.10 BEACON DEPLOYMENT MECHANIZATION 

Mechanical devices for deploying the beacon fall into two general  
categories:  
the spacecraft  in an uncontrolled manner and 2) those which extend the folded 
reflector out from the spacecraf t  in a controlled manner .  
method i s  dictated by the directional propert ies  of the reflector employed. 
The f i r s t  method w i l l  be used to deploy a reflector with omnidirectional 
propert ies .  
which has  directional propert ies  and must  be oriented in a prescr ibed  d i rec-  
tion from the spacecraft. The catapult method i s  by far the s impler  deploy- 
ment system to implement. TV monitoring will verify deployment of ref lec-  
to r  in both cases.  

1) those which catapult the folded reflector out and away f rom 

The choice of the 

The second method wi l l  be used to deploy a corner  reflector 

CataDult Sv stem (Omnidirectional Radar Reflect0 r )  

The catapult system i s  to deploy an omnidirectional beacon of hemis-  
pherical  configuration, 35 feet in diameter .  The folded reflector package to 
be  ejected weighs 34. 3 pounds and has  a volume of 2345 cubic inches in vol- 
ume. 
f rom the spacecraft to the neares t  edge of the reflector.  

The folded reflector package must  be ejected to a distance of 70 feet 

Specific features  of the catapult system include the following 

1) Container that can be evacuated for packaging the reflector 

2 )  Means for  supporting unit during launch, t ransi t ,  and landing 
phases 

Ejection device that can be actuated on receipt of command 
signal 

3 )  

4) Means for protecting reflector f rom damage af ter  ejection 

5) Self- righting ability for proper  orientation of reflector 

The catapult system can also be used to deploy the b i rd  cage reflector,  
which has  omnidirectional property in azimuth but not in elevation. 
the catapult system with the self-righting feature  i s  required for  proper  
erection of the b i rd  cage. 

Thus, 

System Description 

Figure 3 -  12suggests the design of the catapult deployment system. 
The deflated reflector will be packaged in  an aluminum spheriFa1 shell which 
can be evacuated. The shell has  a radius of approximately 8 inches ( c o r r e s -  
ponding to  a packaged volume of 2345 cubic inches) and requi res  a wall 
thickness of 0 .019  inch to withstand the atmospheric collapsing p res su re .  
The shell, including a diametral  parting flange, would weigh l e s s  than 1. 9 
pounds. 
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Figure 3-1 2. Catapult System 
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The spherical container i s  enclosed and supported by a f rame 
composed of two half- shells which protect the container during the launch 
t rans i t  and landing phases,  and absorb the seve re  contact loads that can be 
expected when the container i s  ejected to the lunar surface.  The protective 
f r ame  can be fabricated from any one of severa l  high-energy absorption 
mater ia l s  such a s  enclosed cellulose honeycomb, o r  other low density cel l -  
type structures.  It i s  expected that an adequate protective f r ame  can be 
designed for less than 8 pounds. 

The two protective f rame half-shel ls  a r e  hinged together and spring- 
loaded to open in c lam-shel l  fashion. 
until the latch is re leased by the operation of a pin puller type device. 
circuit  and power source i s  self-contained, and i s  automatically t r iggered 
(with adequate t ime delay) when the unit i s  ejected f rom the spacecraft .  

A latch holds against the spring load 
The 

A lip that extends along the periphery of the protective f r ames  in the 
same  diametrical  plane a s  the spherical  container parting line, ensures  that 
the final attitude of the deployed container wi l l  permi t  proper  inflation of the 
reflect0 r. 

Components that a r e  susceptible to damage when the unit i s  deployed 
(such a s  the hinge device and latch re lease  mechanisms)  can b e  located in 
protected a reas  within the outer f r ames .  

The ejection device could be a simple compression spring having, a s  
an example, a 10-inch stroke with a maximum force  of about 600 pounds. 
The deployment spring would weigh l e s s  than 1. 8 pounds. 
be mounted to the spacecraft  by means of a pedestal  adapter which would 
support the unit on a hollow post surrounding the deployment spring. 
unit could be restrained against the deployment spring by a light gage Elgiloy 
s t rap .  A pin-puller type release device, which would allow the Elgiloy s t r a p  
to spring f r e e  of the unit, can be used to initiate deployment of the unit to the 
lunar  surface.  
anism is expected to be l e s s  than 2. 5 pounds. 

The device could 

The 

Total weight of the spacecraf t  adapter and hold-down mech-  

Pre l iminarv  Dimensions and Weights 

The outside dimensions of the protective f r ame  would be approxi- 
mately 20 inches in diameter  with a 28-inch diameter  flange in one plane. 
The weight of the complete system i s  estimated at 51. 3 pounds, including 
34. 3 pounds for the reflector.  

Advantages 

The system has  the following advantages: 

1) Simple and reliable ejection mechanism 

2 )  Electrical  power requirement is  low 
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3 )  Interface and integration problems a r e  low. 

4) Reflector can be deployed before completion of p r imary  mission 
of spacecraft .  

5) Knowledge of spacecraft orientation i s  not required. 

6)  Relatively simple, straight -fo rward hardwar e requirements.  

Disadvantages 

The system has  the disadvantage of overal l  l a rge  s ize  and weight. 

Poss ib le  Problem Areas  

1) Inadequate support of the unit on the spacecraft  

2) Deployment damage due to severe  landing shock load 

Scaling Law 

The catapult system weight can be scaled in the following manner  
when the packaged volume of the reflector changes: 

1) The thin-walled spherical container weight is  found by, 

where 

W = initial weight 

W = final weight 

V1 = initial volume 

V2 = final volume 

2) 

1 

2 

The protective f r ame  weight i s  found by 

1 / 2  w = w l (  T) v2 
2 
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3 )  The ejection spring weight va r i e s  directly a s  the total weight that 
i s  to be ejected. 
the weights of the reflector and i t s  inflation equipment, the 
spherical container, and the protective f rame.  

The bulk of the ejected weight i s  composed of 

Extendible Boom Svstem 

The extendible boom system deploys a c i rcu lar  sided corner  r ada r  
ref lector  in a prescribed orientation f r o m  the spacecraft .  
has  edge dimensions of 12 feet and when inscribed within a sphere,  its diam- 
e te r  wi l l  be 19 feet. A layout study showed that a boom length of approxi- 
mately 30 feet  i s  required to suspend this sphere.  Reflector ma te r i a l  and 
erection considerations dictate the suspension of the sphere  by i t s  ver t ical  
diameter .  Two other reflector s izes  were  considered, one l a rge r  and one 
smal le r ,  for increased and decreased gain margins  beyong the nominal 
ref lector .  The l a rge r  reflector has  a sphere diameter  of 24- 1 / 2  feet and 
the smaller ,  14 feet. 

This reflector 

Two optical beacons w i l l  be deployed a s  a separate  system by the cata- 
pult method. Because of their  very light weight and smal l  size,  and because 
there  i s  no need for righting the reflectorpackage, a catapult system s imi la r  
to that previously described in the progress  report  of 2 March 1965 w i l l  be 
utilized. The two optical beacons wi l l  be packaged in a single cannister with 
a separating device, such a s  a spring, between them. This spring will cause  
separation of the two packages a s  they a r e  ejected from the canis te r .  

Sv s t em s De s c r i D  t i  on 

Figure 3 -  13 suggests the design of the deployment system required 
to uniquely orient a corner  reflector which is contained in a spherical  cov- 
ering 19  feet in diameter .  
reflector center a r e  designated azimuth, rol l  (both shown in Figure 3 - 1 3 ) ,  
and elevation, which i s  perpendicular to the figure. It i s  des i red  to main- 
tain the azimuth axis of the reflector paral le l  to the moon local ver t ical  and 
the roll  axis parallel to the plane formed by the boom (the spacecraf t  being 
ver t ical)  and the local vertical .  
the boom about the spacecraft  mas t  for azimuth positioning of the reflector 
does not cause deviations from this nominal reflector orientation. Now, i f  
the spacecraft  i s  nonvertical and i f  the reflector is  rigidly attached to the 
boom, the reflector coordinates w i l l  deviate f rom their  nominal orientation. 
This deviation can be cor rec ted  with a suspension system that allows the 
reflector freedom to align itself with the local ver t ical .  

Orthogonal axes  with their  origin fixed to the 

When the spacecraft  i s  vertical ,  rotation of 

The major components of the extendible boom system a r e  1)  azimuth 
3 )  cannister (with folded ref lector) ,  4) pulley-cable sus-  

The sequence of operation of the boom deployment system i s  a s  
2) extension boom, 
pension. 
follows: 

1)  The folded boom and cannister wi l l  be positioned in azimuth with 
a motor dr ive system mounted on the spacecraf t  mast .  
degree range in rotation i s  required.  

A 360 
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Figure 3-13. Extendible B o o m  System 
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The extension boom and canis te r  w i l l  be  actuated and the 
canister w i l l  be c a r r i e d  out by the telescoping sections of 
the boom. 

When the boom i s  fully extended the canis te r  la tch pin pul ler  is  
energized, opening the canis te r  lid. The ref lector  drops out 
and i s  automatically inflated. 

The sphere i s  attached to a pulley-cable arrangement ,  which 
allows alignment of the ref lector  with the loca l  ver t ical .  

Component De scr ipt ion 

Azimuth Positioning System. The azimuth positioning system will 
consist  of an electr ic  motor  dr ive  with a very  l a r g e  gear  reduction. 
p e r  motor  with in tegra l  gear  t r a in  as used for  the Surveyor antenna/solar  
panel positioner can be utilized in this application. This integral  unit will 
b e  mounted on the m a s t  and i t s  output will mesh  with an  external gea r ,  which 
is  bearing mounted on the mast. This driven gear  c a r r i e s  the boom housing. 
Studies indicate that this  motor -gear  dr ive combination i s  capable of position- 
ing against  the iner t ia ,  unbalanced, and friction loads of the folded boom and 
also,  hold against the l a r g e  unbalance load of the extended boom. 
muth dr ive  will be operated only when the boom is in  the stowed condition. 
In the deployed condition the re  is  a l a r g e  increase  in  moment  of iner t ia ,  
unbalance load, friction, and boom compliance. The azimuth dr ive w i l l  
respond to  positioning signals f rom the telecommunication system. 

A s tep-  

The az i -  

Extension Boom. The extension boom cons is t s  of telescoping sections 
of seamless  tubings. Except for  the two end sections,  each section ac t s  as  a 
cylinder for  the preceding section dnd a s  d piston for  the following. 
will be locked in the stowed position by the extended pin of an explosive pin- 
pul ler .  Extension wi l l  be  accomplished by e lec t r ica l  squib actuation of d 

pressur ized  cold g a s  power supply which w i l l  provide a controlled flow of 
g a s  to propel the tubes to the extended position. 
locking devices to re ta in  the sections in  the fully extended position. The 
p res su r i zed  cold g a s  source and tube assembly wi l l  be mounted on the boom 
housing, which in  turn  i s  mounted on the azimuth dr ive output gea r .  

The boom 

The boom sections w i l l  have 

An experimental extension boom similar to that descr ibed h a s  been 
built for  the Surveyor. 
package, weighing 12 pounds on ear th ,  to  a distance of 15 feet. The boom 
had eight telescoping sections and deflected about 10 inches at the tip when 
carrying a simulated moon weight of 2 pounds. 
tion i s  quite suitable for deploying the - sma l l e s t  ref lector  (14 fee t  diameter  
sphere) .  

This boom was designed to extend an instrument  

This unit without modifica- 

The extension boom fo r  the nominal sized ref lector  i s  expected to 
be  about 30 feet long. 
mately 40 feet i s  required to suspend the 24- 1 /2-foot diameter  sphere.  
System weight and load deflection considerations wi l l  impose seve re  

Layout study indicated that a boom length of approxi- 
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Azimuth motor 
a n d g e a r b o x  

Extension boom 
(folded) 

Cannister 

constraints on the design of the boom of these lengths. The deflection of 
the boom must  be  controlled by design to minimize deviation in reflector 
orientation due to a la te ra l  component of the load. 

2-  1 / 2  x 6 inches 

1 x 30 inches 

6-1 /2  x loinches 

Canister.  The canis ter  w i l l  be a cylindrical container with a lid 
The container will be bearing mounted to the boom spring-loaded to open. 

end, the container axis being perpendicular to the boom axis. Thus, a 
slightly unbalanced canis ter  will tend to rotate about the roll axis for self-  
alignment with the local vertical .  
container lid. 
contained mechanisms. 

An explosive pin-puller w i l l  re lease  the 
This sequence may be initiated via  a trailing wire  or by self-  

2 -1 /2  x 6 inches  

1 -1 /2  x 36 inches 

7 x 13 inches 

Pulley-Cable Suspension. The reflector wi l l  be  suspended by a light 
flexible cable whose ends a r e  attached to a reflector torus .  The cable runs 
through a pa i r  of pulleys attached to the canis ter  and the cable hangs f rom 
the pulleys allowing the reflector to align itself with the local ver t ical  l ike a 
plumb bob. The separation of the two pulleys gives some torsional stiffness 
about the azimuth axis (o r  ver t ical  diameter of the sphere)  to prevent rotation 
about that axis. 

2-1 /2  x 6 inches 

2 x 40 inches 

8 x 15 inches 

Tables 3-6 and 3-7 present  preliminary dimensions and weight for  the 
extendible boom system. 

TABLE 3-6. PRELIMINARY DIMENSIONS AND WEIGHT 

Weight, pounds 
Reflector Size 

Extendible Boom 
System 

14-foot sphere I 19-foot sphere I 24- 1 /2-foot sphere  
I I 

Azimuth motor and 
gear  box 

Mot0 r mounting 
s t ruc tures ,  gears ,  
and bearings 

Extens ion boom 

Canister  (without 
ref lector)  

2. 0 

1 . 5  

3 .0  

2. 2 

2 . 0  

1. 75 

9 . 0  
2. 6 

2. 0 

2. 0 

18. 0 

3. 1 

Total I 8. 7 I 15.35 I 25. 1 

TABLE 3 - 7 .  DIMENSIONS 

Extendible Boom 
System Dimensions, Diameter by Length 
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Catapult System (Optical Reflectors) 

The overall dimensions of the catapult system for the optical ref lectors  
wi l l  be approximately 4. 0-inch diameter  by 5. 0 inches long. 
weight, l e s s  reflector and inflation equipment, wi l l  be about 1. 5 pounds. 

The system 

Advantages 

Predictability of performance 

Smaller reflector s ize  

Reflector does not s t r ike lunar  surface,  
tear 

eliminating wear and 

Disadvantages 

Longer folded length (folded boom plus canis ter)  

More complex mechanisms and decreased reliability such a s  
azimuth drive,  pulley-cable suspension of reflector,  and exten- 
sion boom. 

Design interface and system integration problems such a s  360 
degree-rotation in azimuth, m o r e  electr ical  interfaces ,  and 
Centaur nose cone shroud interference.  

Electrical  power and position signals required 

Deployment only after completion of p r imary  mission of 
spacecraft 

Angular orientation of spacecraf t  in lunar  coordinates must  be 
known. 

Possible  Problem Areas  

High s t ructural  loading of spacecraf t  mas t .  

Probable deployment of reflector in front of telecommunication 
antenna, blanking out T V .  

Boom interference with spacecraft  s t ruc tu res  

Deformatiori of reflector 

Pointing accuracy of reflector largely dependent on predictability 
of boom and ref lector  deflections, reflector geometry,  and cg 
control. 

I 
I 
I 
I 
I 
I 
I 
I 
1 
1 
1 
I 
1 
I 

I 
I 
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Task  2. 6 and 2 . 7 .  Studies shall be conducted to develop alternate 
famil ies  of passive reflector and associated constraints.  
ref lectors  to be considered a re  classified general ly  a s  R F  c o r -  
n e r  reflectors whose overal l  shape may be either a portion of a 
sphere  o r  an ent i re  sphere and which has  been modified a s  
required to provide optical reflectivity. In addition, a concept 
evaluation will be made to determine the applicability of a 
hollow spher ica l  reflector (bird cage antenna). 

The 

Task  2.8 and 2 - 9. 
a recommended pre l iminary  design. 
an examination of the relationship between schedule, cost ,  weight, 
acquisition range, packaged volume, complexity, reliability, 
t he rma l  control and mater ia ls  and ma te r i a l  p rocesses .  
fication of the weight, packaged volume, and reliability of candi- 
date  pre l iminary  designs will be provided in  the final report .  

Tradeoff studies shall  be conducted to select  
These studies shall  include 

Quanti- 

3.11 SYSTEM CONFIGURATIONS AND TRADEOFFS 

Initial considerations were given to a number of different design con- 
figurations, a l l  of which might have met  the r a d a r  and optical  functional 
requirements .  
the standpoint of weight, fabrication complexity, deployment reliability, etc. 

F u r t h e r  examination of these designs was then made f rom 

In preparing the designs and evaluations s t ruc tura l  analyses  were  made 
of the tor i  and the inflated tubes to determine the optimum s izes  and weights. 
The physical property data used for  the tubes were  obtained a s  the resul t  of 
space environment erect ion and rigidization tes t s  run a t  Hughes Aircraft .  
These t e s t s  indicated that with either the polyester  sys tem o r  the gelatin 
impregnation system tubes could be made with minimum tensile s t rengths  of 
20, 000 psi ,  compressive s t rengths  of 10, 000 psi ,  and f lexural  s t rengths  of 
25, 000 psi. Tensile and compressive moduli of 1. 5 x 106 ps i  and flexural 
moduli of 1 x 106 psi  were  also used. With these conservative physical 
p roper ty  data  it was calculated that most of the l a rge r  s t ruc tures  could be 
made with 1 to 1 -1 /4  inch d iameter  tor i  with 0. 015 inch wall  thickness.  
Where special  cen ter  post  inflated tubes were  required,  these ranged f rom 
2 to 4 inches in  d iameter  with wall thicknesses of 0 .022 inch. 
tions considered a r e  l isted in the following paragraphs .  

Eight Quad rant  Omnidirectional Reflector 

The configura- 

F igure  3-14 shows an  eight quadrant sphere  which was designed for  
use a s  an omnidirectional optical  and r a d a r  beacon marke r .  
special  orientation would be used with this type m a r k e r  it was designed to be 
35 feet  in d iameter .  Table 3 - 8  shows a detailed breakdown of es t imated 
weights and packaged volume f o r  this s t ruc ture  and the o the r s  considered. 
A s  shown, the assembly  consis ts  of three 1 -1 /4  inch d iameter  c ros s  section 
equatorial  to r i  supporting the reflector elements.  
spatially or iented by the t ransparent  sphere.  
moderately difficult to fabricate,  but would be easy  to deploy. 

Because no 

The tor i  a r e  in turn 
This  configuration would be 
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Four  Quadrant Omnidirectional Marker 

Figure 3-15 shows a four quadrant omnidirectional marke r  which is  
s i m i l a r  to the eight quadrant marke r ,  except that it would have to be deployed 
to be e rec ted  base down. 
weight, and slightly s impler  construction. 
cation of a white pigmented cap, and white finished a r e a s  to resul t  in optical 
visibil i ty.  
l ized pat terns  used to obtain proper  polarization of the returned r ada r  signal.  

This design does have the advantage of lighter 
F igure  3- 15 also shows the appli- 

Also shown a r e  the combination of s t r iped and hexagonal metal  - 

Uniauelv Oriented Reflector 

Figure 3-16 i l lustrates  a design for a reflector which would be 
precisely oriented. Because of the orientation this design could be some-  
what s m a l l e r ,  a 12 foot corner  reflector inscribed within a sphere  19 feet 
in d iameter .  Table 3-8 a l so  l is ts  the weight breakdown of such a s t ruc ture .  
Similar  to the previous design, this marke r  utilizes three  tor i  and a sphe re .  
This design would present  approximately the same difficulties in  fabrication 
a s  the f i r s t  two. 
oriented m a r k e r  will utilize, in addition to the white polka dots,  two sepa r  - 
ately deployed torus  expanded markers. 
a r e a  of 100 square  feet and will be automatically expanded to shape by the 
encircling torus .  
No special  Orientation will b e  required to a s s u r e  erect ion right side up. 

To a s s u r e  visibility at low angles of approach, the uniquely 

These m a r k e r s  will each have a n  

The approximate weight of each m a r k e r  will be 1 . 0  pound. 

Four  Quad rant  T riangula r Reflector 

Figure 3- 17 i l lustrates  a four quadrant reflector which, while not 
a s  efficient a s  e i ther  of the previous ref lectors  in the same  s ize ,  does have 
the virtue of simplicity. 
cen t ra l  inflated and rigidized tube, and the outer  torus. 
ref lector  web tautness would be obtained by mounting the ref lectors  on spring 
loaded wires.  
reflector would be 24-1/2 feet ,  and the c i rcu lar  base would be 58 feet  in 
d iameter  in  o r d e r  to improve optical visibility. 
would be metallized on the bottom surface in the des i red  pattern. 
(outer) surface would then either be pigmented white, o r  would have a white 
coating applied on the outer  surface.  
It should be relatively easy  to deploy. 

As shown, the ref lectors  would be erected by the 
Orthogonality and 

It is planned that the base and height dimensions of each 

The base of the ref lector  
The top 

This design is the simplest  to fabricate.  

Bird Cage Reflector 

Another type of ref lector  considered was the so-called bird cage 
reflector.  In this design, a 27-foot diameter  sphere,  containing, on i ts  
surface a multiplicity of w i re s  a t  45-degree angles to each other ,  i s  rigidized 
in  such a manner a s  to support a small torus  erected reflective cylinder in  
i ts  center shown in .F igure  3- 18. The rigidization of the sphere  would take 
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place by final curing of a network of plast ic-f iberglass  bands. 
a s  shown, would be extremely difficult to construct,  and would have to be 
deployed precisely in one plane. 

This s t ruc ture ,  

Bicone Reflector 

Figure 3 -  19 i l lustrates  the design fo r  a n  omnidirectional biconical 
ref lector .  
expanded and rigidized center post. The base of each cone i s  formed by the 
expansion and rigidization of a plastic-fiberglass torus .  
around the entire s t ruc ture  to aid in initial erect ion,  pr ior  to rigidization of 
the center post. 
visibility. This design i s  considered to be somewhat difficult to build (more  
so  than any of the others  except the bird cage) ,  It would have to be deployed 
so  the bottom cone was placed on the bottom. 

In this design, two 40 foot d iameter  cones a r e  suspended f rom an 

A light film i s  used 

A white pigmented conical top is  used to furnish optical 

Construction Features  

In constructing the various pa r t s  of any of the designs,  it i s  planned to 
utilize conventional fabrication techniques a s  f a r  a s  possible. In this respec t  
the large surfaces will be made from the 44 to 7 2  inch width mater ia l s  avail-  
able (except i f  Kapton is  used which i s  current ly  only 16 inches wide), using 
conventional bonding techniques which have already been developed for  the 
Echo type balloons. 
gelatin system, although the actual choice cannot be made with certainty 
since t e s t s  a r e  st i l l  in progress  with the various systems.  

The tor i  rigidization system used will probably be the 

The only features  considered to be "new" types of construction a r e  
those relating to attachment of the webs to the tor i ,  attaching the tor i  to the 
inner sphere surface, and making torus  to torus  attachments.  

The method of attaching the reflective webs to a torus  i s  shown in 
F igure  3 -20 .  
temporar i ly  assembled, before permanent assembly  would be made. By 
cutting the webs to perfect c i rc les ,  and then attaching one such web to a 
complete circular torus ,  it i s  believed that the c o r r e c t  s ize ,  and torus  shape 
could be developed so  a s  to resu l t  in a virtually wrinkle-free surface when 
the torus  i s  inflated. 

It i s  planned that a l l  to r i  and webs would be precut  and then 

The tori ,  and the webs would then be cut a t  the appropriate points 
make the intersections. Tori  joints would then be made  a s  i l lustrated in 
F igure  3 -21 .  
same mater ia l  used for  the tor i .  Such pa r t s ,  made in an approximately 
0. 015 inch thickness should be strong enough and yet extremely light. In 
packaging such an assembly it is planned that the space inside the fitting 
would be filled with the to r i  and ref lector  o r  inflation mater ia l s  to maximize 
the utilization of space.  

to 

The premolded plastic fittings would probably be made of the 
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The problem of adjustingand securing the tor i  to specific a r e a s  on the 
inner  su r face  of the sphere,  if used, has  not yet been resolved. 
one of the fabrication techniques st i l l  to be established. 

This is 

Advantage would be taken of the slight shrinkage of the web to counter 
Since no s t ruc tures  the cu re  shrinkage of the tor i  ( a s  previously descr ibed) .  

of this type have a s  yet been built it is ve ry  difficult to predict  accurac ies  
and tolerance variations which might occur .  
fabr icat ion techniques, and allowing for the fact  that the s t ruc tures  would be 
e rec ted  and rigidized without a mold it is est imated that the following toler-  
ances  could be maintained. 

However, based on good plastics 

Overal l  dimensions f 1 /2  inch (based on 20 foot d iameter  
s t ruc ture)  

Orthogonality f 0.15 degree  

Web wrinkling after cure  not to exceed 1 / 8  inch 

Expansion Techniques 

In all cases ,  an effort will be made to have each s t ructure  expand and 
rigidize automatically. 
this technique and good success  has  been achieved with seve ra l  systems.  F o r  
torus  expansion it is  planned to incorporate a s m a l l  amount of a volatile liquid 
in  the inter ior  of the torus.  
phere  the vapor p r e s s u r e  of the liquid then automatically e rec t s  the torus.  
The exact liquid to be used and. the amounts would have to be determined d u r -  
ing t e s t s  made with the par t icular  structure. 

A number of tes t s  have been made a t  Hughes to develop 

On exposure of the s t ruc ture  to the vacuum a tmos-  

Expansion of the spheres  would likewise be done automatically,  using 
subliming solids such as anthroquinone, camphor,  etc. in o r d e r  to resul t  in 
much lower p re s su res .  The resul ts  of the Echo I and 11 tes t s  have demon- 
s t ra ted that this technique should work satisfactorily. Again the p rec i se  
amounts would have to be determined af ter  tes t s  a r e  s tar ted on the s t ructure ,  
since it is very  difficult to predict  the efforts of folds, s t ructure  stiffness, 
etc. Calculations made on the 3Sfoot d iameter  hemisphere ,  neglecting s t i f f -  
n e s s  and just  considering gravi ty  effects, indicated that only 2. 36 g r a m s  of 
helium gas  ( o r  an equivalent molar  amount of a volatile liquid) would be 
required to p re s su r i ze  the 220 feet  of to r i  tubing to 4 psi at approximately 
75°F. The hemisphere,  with a volume of 11,200 cubic feet  would-require 
approximately 0. 18 pound of anthroquinone to become fully expanded, includ- 
ing raising the tor i  (however, a t  least  1 pound would be used to ensu re  
against  leaks,  e tc . ) .  
to be a s m a l l  fraction of the total weights. 

The weights of the inflation media a r e  then considered 

Weights and Volumes 

-Estimates of the weight and volumes of the various beacon configura- 
tions a r e  listed in Table 3 - 8 .  
volumes va ry  a s  the s ize  of the beacon i s  changed. 

Figure 3-22 shows how the weights and 
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Figure 3-14. Eight Quadrant Omnidirectional Marker  

100 f t 2  WHITE "CAP" FOR OPTICAL 
VISIBILITY (SQUARE SHAPED TO ATTAIN 
MAXIMUM BRACING ON TORI) ERECTION SPHERE (PHOTOLYZABLE FILM) 
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I 'HEXAGONAL PATTERNED 
WHITE PAINT FOR ADDITIONAL ALUM1 NUM COMPOS1 T E 
OPTICAL VISIBILITY LAMINATE 

Figure 3-15. Quadrant Hemispherical  Reflector 
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Figure 3-16. Uniquely Oriented Reflector 
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Figure 3-17. Four Quadrant 
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TORUS ERECTED METALLIZED 
REFLECTOR 
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+ETCHED WIRE 
ON SURFACE 
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Figure 3-18 .  Bird Cage Reflector 
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STRUCTURES TAUNTNESS 
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Figure  3-19. Bicone Reflector 
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The maximum c ross  section of a c i rcu lar  side corner  reflector a s  
previously defined i s  given by: 

4 
- 16 n a - 

3 x2 b 
F (3-7) 

The apparent c ros s  section of the ref lector  will be reduced by seve ra l  
factors  defined a s :  

L = Loss in  db due to polarization mismatch 

Lt = Loss in db due to tolerances 

L 

P 

= Loss in db due to view angle off the direction of re turn  
V 

then 

4 
- 1 6 1 ~  a 
- 2  F 

b 3 x  log 
( 3 - 8 )  

Equating Equations 3-6 and 3 - 8  

r 1 

4 [log-' ( S/l>b ) J K4-.rr(R nm x 6076)2 - l 6 r a  - 

L t L t t L  
3A210g-' ( 

3X2 K4rr(R x 6076)2 -1 ("'db) log-l ( L p t L t t L  
log I 10 10 nm 

a4 = 

1 6 1 ~  log- ' (  Gdb -I 'p ) 
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PARAMETERIZATION O F  RADAR PERFORMANCE 

'Icdb 
10 

The hemispherical  c luster  of c i rcular  side t r ihedra l  ref lectors  was 
studied in  paramet r ic  form.  Two families of curves  were drawn for  this 
study, one relating the length of the edge of a corner  versus  range, and the 
other  relating percent  coverage of the hemisphere versus  range. 

K 4 IT (Rnm x 6076)2 

The equations for  these curves were derived in the following manner.  
The signal--to-clutter ratio a s  previously defined is given by 

( 3  - 3 )  
ub 

K 4 r R f t  2 s / c  = 

If the gainof the r ada r  antenna, and S / C  ratio a r e  given in db and 
range is  given in nautical mi les ,  the equation must  be changed to 

5b log-' (7) Gdb 

K 4 ~ r  (Rnm x 6076) 
- - 

2 1% (3-4) 

The signal-to-clutter ratio i s  improved by the use of c i rcu lar  polar iza-  
tion which reduces the clutter return.  Equation 3-4 is then modified a s  follows: 

where 

I = improvement in S/C ratio due to use of c i rcu lar  polarization 
on radar  antenna. 

then 

r 1 
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Simplifying and rearranging t e r m s  gives: 

1 
1 
1 
I 
8 
1 
I 
I 
1 
8 
I 
8 
8 
8 
1 
8 
1 

2 -1 ("'d;' L~ )log-l ( L p f  Lt - G d b - l p )  a =  4\13/4A2K (R nm x 6076) log 
10 

Which s implif ies  fur ther  to: 

) (3-9) 
t - Gdb "p v )log - 1 ( Lp' 40 40 a =  nm 

Substitute now numer ica l  values previously established for  the follow- 
ing pa rame te r s :  

K = 0.005 (previously defined) 

L = 6 db (previouslydefined) 

Lt = 6 db (previously defined) 

I = 9 db (previously defined) 
P 

Gdb 

P 

= 32 d b  (previously defined) 

= 0.1  feet  (typical X-band wavelength) 

Equation 3 -9  then reduced to: 

(3-10) 

The edge of the reflector is now related in t e r m s  of the three  p a r a m -  
e t e r s  of most  in te res t  to the problem: namely, range f rom reflector to the 
LEM, s ignal- to-clut ter  ratio considered acceptable for  the r a d a r  display, and 
L, which can be interpreted a s  a percentage of coverage o r  a s  the loss  in 
signal involved in looking off a t  some angle away f rom peak return.  

F o r  the first fami ly  of Curves S / C  i s  s e t  equal to 12. 3 db and is 
successively se t  equal to 6. 5 db, 11 db, and 20 db for 60, 80, and 95 percent  
coverage of a quadrant,  respectively. The value of a was then calculated a s  
a function of range in nautical mi les  for the three cases .  
sented in F igure  3-23 where it relates to a c luster  of four c i rcu lar  edge 
ref lectors  which attempt to cover a hemisphere for a system that has  no 

The data  i s  p r e -  
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par t icu lar  azimuthal orientation. 
la rge  hemisphere i s  required f o r  9 5  percent  coverage a t  a range of 2 0  n. mi .  
If the percentage of coverage i s  allowed to d rop  to 80 percent  o r  the range 
to 5 n. mi .  , then edge lengths that might be possible a r e  indicated. 

It i s  readi ly  seen  that a n  exhorbitantly 

8 
Equation 3-10 was then solved fo r  Lv and the following expression 

obtained : 

r -4 

-s/cdb a L = 40 log 
V 1 1 . 1 5 , / r  nm 

Three  representative values of a were  chosen: 10 ,  17. 5, and 25 feet. 
Lv was then calculated a s  a function of rar,ge and t ransformed into percentage 
of coverage by Levines:i:curve. 
was then obtained. 
17. 5 f ee t  ( the largest  considered feasible to fabr icate  and e r e c t  successfully) 
provide only 72 percent  coverage a t  a range of 20 n. mi.  
does not exceed 95 percent  even a t  2 n. mi .  

The family of curves  shown in F igure  3-24 
A study of these curves  shows that an edge length of 

F u r t h e r ,  coverage 

Attention was then directed to a uniquely oriented ref lector .  F r o m  a 
study of the coverage provided by a c i rcu lar  side ref lector  on a Lamber t  
Azimuth Projection, i t  was determined that the angular covered required by 
the descent  t ra jec tory  of LEM (*25 degrees  in  azimuth to 12 degrees  
deg rees  in elevation) could be obtained by a single proper ly  or iented 
ref lector  with the r e tu rn  signal dropping a t  m o s t  3 db a t  the ex t r eme  c o r n e r s  
of the coverage rectangle.  Thus 100 percent  coverage would be provided fo r  
L, = 3 db. 
Equation 3-10 the curve of a ve r sus  range shown in F igure  3-25 was obtained. 
This curve shows that a 12. 5 foot ref lector  will provide 100 percent  coverage 
provided i t  can be sufficiently accurately or iented on the lunar  su r face .  
A tolerance on alignment of *2 degrees  in both elevation and azimuth was 
assumed.  
r e  qui r e m  ent s . 

When this value and 12. 3 db  fo r  S / C  were  substituted into 

It i s  believed that the Surveyor sys tem can mee t  these alignment 

If it were possible to degrade the signal to noise ra t io ,  then the s i ze  
If a S / N  rat io  of 

This is not considered to be a s ig-  

of the uniquely oriented ref lector  could be reduced f u r t h e r .  
5 db i s  assumed instead of the 12 .3  db used previously,  Equation 3-10 gives a 
value of 8 . 5  feet for  a range of 20 n . m i  . 
nificant decrease  i n  s i ze  for such a la rge  degradation in S / N  rat io ,  hence it 
is not recvmmended. 

.e_ -3. 

D .  Levine and W. H. Welch, 
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CONFIGURATION SELECTION 

The performance of the configurations examined during the course of 
the study has  tended to confirm the initial assumptions which were based upon 
pre l iminary  calculations that some form of corner  reflector can best  satisfy 
the performance requirements .  As shown, the Van Atta a r r a y  and bird cage 
Echo enhancer reaches dimensions which make fabrication complexity and 
sys t em weight prohibitive. During the ear ly  par t  of the studv, the b i rd  cage 
s i ze  was based on the scaling laws  presented in Reference 3 - 2 .  This led to 
the prel iminary conclusion that a s  the range requirement is reduced the b i rd  
cage would sca le  down in such a way that i t  might be a workable sys t em.  
However, a f te r  a m o r e  detailed analysis it has been shown that the 27-foot 
d iameter  ref lector  discussed previously would only provide acquisition and 
full tracking a t  1 .41  n . m i .  

In an effort to take advantage of the absence of a polarization r eve r sa l  
for  a two bounce ref lector ,  a Biconic reflector configuration was examined. 
This  configuration despite an overal l  gain improvement because of the absence 
of the polarization reversa l ,  required 80 feet  dimensions in o rde r  to satisfy 
the performance requirements.  This s ize  precluded its application because 
even if  range i s  reduced to approximately 10 n. mi. the 40-foot bicone 
descr ibed ea r l i e r  will not be able to provide the required performance. 

The hemispherical  four quadrant corner  ref lectors  can be sat isfac-  
tori ly erected; therefore ,  the spherical  o r  eight quadrant reflector does not 
m e r i t  fur ther  consideration because of the inherent weight and volume 
penalties.  Fur ther ,  due to the superior performance of a c i rcu lar  edge t r i -  
hedral  when contrasted to a triangular t r ihedra l ,  the t r iangular  t r ihedra l  can- 
not be considered a desirable  shape f o r  any of the quadrant ref lectors .  This is 
t rue  despite the general  advantage in weight of a t r iangular  t r ihedra l  over  the 
c i r cu la r  t r ihedra l .  This resu l t s  since dimensionally the tr iangular t r ihedra l  
mus t  be  g rea t e r  to provide the same  performance.  
function of wavelength, the longer the dimensions the g rea t e r  the degradation. 

Since degradation is a 

The comparison then reduces to one of two sys tems:  

1)  Hemispherical  four quadrant corner  ref lector  

2) Uniquely oriented corner  ref lector  

As shown, the four quadrant corner  reflector can never provide 
100 percent  coverage except in the near field. 
d iameter  beacon s t a r t s  a t  approximately 7 5  percent  a t  20 n. mi. and does not 
exceed 90 percent  coverage until the range is reduced to about 12 n. mi. 
However, f rom a weight and packaged volume point of view even i f  the 
performance i s  acceptable, the beacon configuration may  not be compatible 
with the overal l  weight requirement.  
and g rea t e r  inherent reliability, the beacon configuration is  superior  to the 
uniquely oriented system. This i s  due to the absence of any unique or ienta-  
tion requirement.  
F u r t h e r ,  it can be t reated to ensure optical acquisition without the use of 
auxiliary optical beacons. 

The coverage fo r  the 35 foot 

In the a r e a  of operational simplicity 

The beacon can be ejected f rom a relatively simple catapult. 
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The uniquely oriented system can be designed to provide 100 percent  
coverage. 
predictable. In addition, the total weight, including auxiliary optical beacons, 
is l e s s  than the hemisphere.  A s  range requirements  a r e  reduced, the beacon 
dimensions can be allowed to shrink and therefore  the weight and volumes 
become c loser  to those values specified a s  objectives by NASA/USC. 
should be emphasized that although this system is comparatively complex, it 
i s  not necessar i ly  unreliable. Similar mechanisms and operational interface 
exis t  a s  payload i tems on the Surveyor vehicle. 
reliabil i ty can be designed to be consistent with the des i red  objectives. 
Therefore ,  this system represents  the recommended configuration. The 
total  weight of this sys tem is  approximately 30 pounds f o r  20 n. mi, radar 
a c  qui s it  ion. 

Omnidirectivity i s  not required and as such the performance i s  

It 

It i s  felt  that this sys tem's  
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Figure  3-23. Reflector Size ve r sus  Range for  Reflector Hemisphere 
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Figure 3-24. Percent  Coverage ve r sus  Range for 
Hemisphere Reflector 
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Task 3 . 0  P re l imina ry  Specification 

Task 3 .  1 A final repor t  shall  be p repa red  consisting of a 
prel iminary perfo rmanc e specification supporting studies 
which justify configuration selection, and identification of 
a r e a s  requiring fur ther  study. 
study will include those design p a r a m e t e r s  for which 
empir ical  data has  not been developed through a ma te r i a l s  
tes t  program and which may therefore  requi re  modification 
at a la ter  t ime.  

The a r e a s  requiring fur ther  

3 .12  PRELIMINARY SPECIFICATION FOR PASSIVE LUNAR MARKER 
BEACON 

The specification included h e r e  r ep resen t s  the recommended beacon 
configuration. 
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PRELIMINARY SPECIFICATION FOR 
PASSIVE LUNAR h4ARKER BEACON 

PREFACE 

This specification presents  preliminary performance requirements  and 
configuration data. 

1 . 0  SCOPE 

This performance specification presents  the technical requirements  
which must  be met  by a Pass ive  Lunar Marker  Beacon to be used by the 
Apollo a s  a navigational aid for lunar orbi ta l  determination and termirial 
descent guidance. 
sur face  approximately 3 yea r s  before the f i r s t  manned lunar landing. 
the lunar expedition a r r i v e s  the Apollo optics will be directed toward the 
surface while in lunar orbit  to establish landing parameters .  
the m a r k e r  will be used with the L E M  R / R  to pinpoint the landing a r e a s .  

The lunar surface m a r k e r  may be c a r r i e d  to the lunar 
When 

During landing, 

2 . 0  APPLICABLE DOCUMENTS 

To be determined. 

3 . 0  REQUIREMENTS 

3. 1 Basic Objectives 

The passive Lunar M a r k e r  Beacon shall be designed so as to pro- 
vide a sufficient contrast  against  the lunar background to ensure a 
95  percent probability of successful optical acquisition by the 
Apollo optics f rom a ZOO-n- mi.  range .  

The beacon shall be designed s o  a s  to provide a sufficiently la rge  
radar  c r o s s  section to ensure acquisition and full tracking by the 
LEM rendezvous radar at a range of 20 n. mi. 

The beacon shall be designed such that it may be t ransported to 
the lunar surface and subsequently deployed from a n  advanced 
Survey0 r s pac ec raft. 

The beacon shall  be designed such that it does not preclude viewa- 
bility during the deployment process  by the spacecraft  imaging 
system. 
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e )  The probability of the m a r k e r  providing satisfactory performance 
a t  the end of a 3-.year lunar s tay shal l  be a t  l eas t  90 percent.  

3 .  2 Optical Performance Requirements 

3 .  2. 1 
detection shal l  be + l  compared to any nearby surface a r e a s  with slopes up to 
15 degrees  facing the direction of the sun- 

The minimum apparent contrast  as seen a t  the maximum range for  

3 .  2. 2 
of 15 degrees ,  the luminance of the beacon shall be no less  than that of a 
horizontal beacon with 290 square  feet  of surface a r e a .  Where minimum 
apparent contrast  occurs  a t  so l a r  elevation angles of 25 degrees  o r  g r e a t e r ,  
the luminance of the beacon shall  be no less than that  of a horizontal beacon 
with 155 square feet of surface a r e a .  

Where minimum apparent  contrast  occurs  a t  a so l a r  elevation angle 

3. 2 .  3 
shall have a minimum albedo of 0 .  60 a f t e r  aging for  3 y e a r s  in the lunar 
environment. 
by the following relationship: 

The spot s i zes  specified in 3. 2.2 assumed that optical  reflective surface 

For other albedos, the a r e a s  given in  3. 2. 2 shall  be modified 

A2 t 0.535 
- 
AI a2-0.065 

where A1 is the a r e a  given in  3. 2. 2, Q 2 is the a l te rna t ive  albedo and A2 is  
the corresponding a r e a .  

3 . 3  Radar Performance Requirements 

a2 shal l  not be l e s s  than 0.26.  

3.  3. 1 The electr ical  cha rac t e r i s i t c s  of the co rne r  specified below a r e  based 
on the allowances of 6 db l o s s  in  a r e a  due to polarization mismatch,  6 db lo s s  
due to manufacturing tolerances,  and 3 db l o s s  due to the required angle of 
coverage. 

3 . 3 . 2  Scattering c r o s s  section (measu red  values) :  

7 1) Minimum peak value 2 x 10 square  feet 

2 )  Minimum value over  required 

7 field of view 8 = 45 to 55 degrees  
(4 = 18 to 54 degrees  1 x 10 square  feet  

3.  3 .  3 Polarization: 

Accepts c i r cu la r ;  r e tu rns  l inear  

3 . 3 . 4  Size: 

Edge length of co rne r  12 .  0 feet minimum 
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3 . 3 . 5  Surface flatness: 

RMS deviation f rom t rue  plane 

3 .3 .6  Corner  squareness:  

RMS deviation f rom 90 degrees a t  
each corner  

3 . 3 . 7  Reflection Coefficient of hexagonal 
aluminum mater ia l  to be used on  
two s ides  of corner  

50 .050  inches 

*O. 15 degrees  

0 .93  minimum 

3 . 3 . 8  
polarized wave: 

Reflection coefficient of parallel  s t r i p  aluminum mater ia l  to l inearly 

1) E vector paral le l  to s t r ips  0.95 minimum 

2)  E vector perpendicular to s t r ips  0 . 1 5  maximum 

3 . 4  Environmental Cr i te r ia  

This section presents  the overall  environmental c r i t e r i a  within which 
the passive beacon must  operate .  These c r i te r ia  sha l l  be used as  the basis 
for designing and testing all electrical ,  electronic,  and mechanical a s s e m -  
blies and subassemblies of the lunar passive beacon to be mounted on the 
Surveyor spacecraf t .  
to date and may change with additional data obtained about the moon and c i s -  
lunar space.  

The environmental c r i te r ia  presented is  what i s  known 

E NVIRO NMEN TAL C RI T ERIA 

3 .4 .1  Launch Environment 

3 . 4 .  1 .  1 Static Acceleration 

5 . 9  longitudinal 

0.4 l a te ra l  

3 .4 .1 .2  P r e s s u r e  Changes 

P r e s s u r e  reductions inside capsule during the boost phase will 
decrease  f rom atmospheric  to l o 4  Torr  in 3 minutes .  

3 . 4  - 1 . 3  Vibration (assembly) 

Table 3-9 presents  a summary  of assembly vibration. 
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TABLE 3-9.  ASSEMBLY VIBRATION 

Level g ,  
rms 

Frequency, 
CPS 

Remarks  

100 to 1500 

I 100 to 1500 

~ 

2 . 0  Throughout powered flight, except 
during liftoff, maximum q and /o r  
Mach 1 .  

4 - 5  I During liftoff, maximum q and /o r  
Mach 1 .  

I 

3 . 4 .  2 Cislunar Environment (Cruise  Phase)  

2 3  3 . 4 .  2. 1 Micrometeorite fluxes reduced f r o m  10 - 10 below the values near  
ear th .  

3 . 4 .  2 .  2 
hemispherical  shape. 

Radiation fluxes will be omnidirectional instead of only over  a 

3 . 4 .  2 .  3 
spacecraft .  

Temperature  is a function of the att i tude and orientation of the 
Typical Surveyor component tempera ture  ranges a r e :  

a)  Antenna -100 " to t250 " F  

b) All other  components t 1 0 "  to t 2 5 0 " F  

c )  Generally t 2 0 "  to t 1 0 0 " F  

3 . 4 .  2 . 4  
l ike 66 hour s ) .  

Time spent in the above environment is no m o r e  than 96 hours  ( m o r e  

3 . 4 . 3  Lunar Environment 

3 . 4 .  3. 1 Temperature .  
m u m  of approximately 390°K a t  the subsolar  point to a minimum of approxi- 
mately 80°K during the lunar night. In the shadows during the lunar  day the 
tempera ture  is es t imated to be 120°K. 

The lunar surface temperature  ranges f rom a maxi- 

3 . 4 .  3 .  2 P res su re .  
10-10 to 10-13 T o r r .  

The surface p r e s s u r e  has  been est imated to be between 

3 . 4 . 3 . 3  Slopes. 
the local a r e a s  designated for  Apollo landing. 
slope of 15 degrees  o r  g r e a t e r  is estimated to be about 0 .01 .  

Slopes grea te r  than 15 degrees  will not be encountered in  
The probability of landing on a 

3 .4 .  3 . 4  Surface Roughness. 
protuberances in excess  of 10 cm.  

Designated landing a r e a  is  relatively f r e e  f rom 
Occasional boulders o r  protuberances of 
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1 to 100 m e t e r s  a r e  present.  Generally sand, gravel ,  o r  cobblestone sized 
fragments  overlaying a possible frothy rock substrate  of very low bearing 
p r e s  su re .  

3 . 4 . 3 .  5 Surface Condition. 
rock to that of soft inelastic mater ia l  with high internal friction. 
of-compressive strength anticipated of the lunar surface mater ia l s  are: 

Surface hardness  may vary  f rom that of hard  
The ex t remes  

a)  Hard rock: 4000 to 25,000 psi  

b) Soft Material:  A static load of 1 ps i  will penetrate no 
more than 10 cm. 
12 p s i  will  penetrate no m o r e  than 30 c m  
below the surface. 

A dynamic load of 

3 . 4 . 3 .  6 Dust Condition. Surface dust conditions are uncertain. Dust thick- 
nes s  i n  the low areas may vary from a few mi l l imeters  to severa l  me te r s .  
During the lunar day the photoionization may electrostatically cause a dust 
cushion 1 mete r  thick. 

3 . 4 . 3 .  7 Albedo. The visual albedo is estimated to be as follows: 

a)  Darkest  spot ( inside oceanus procel lar ium) 0.051 

b) Dark plains (maria) 0.065 

c )  Brighten plains (paludes) 0.091 

d) Mountain regions ( te r rae)  0. 105 

0 . 1 1 2  e )  C r a t e r  bottoms 

f )  Bright r ays  0. 131 

g)  Brightest  spot (Aristaichus) 0. 176 

h )  Bright spots around m a r i a  0. 12-0. 15 

3 . 4 . 3 .  8 Reflective Proper t ies .  
surface in the wavelength region f r o m  one meter to ten c m  a r e  estimated to 
be as follows: 

The r ada r  reflective propert ies  of the lunar 

a) Average effective reflectivity 0.01 to 0 .05  

b) The ratio of specular reflected power 
to diffuse reflected power 9 .0  

c )  Average value of reflectivity to be used 
in determining beacon parameters  is 0 . 0 5  
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3 . 4 . 3 . 9  Thermal  Proper t ies .  The thermal  proper t ies  of the lunar  sur face  
ma te r i a l  cover the range represented by a n  infinite layer  of ma te r i a l  A 
( ex t r eme  insulating model) o r  an  exposed layer  of ma te r i a l  B of infinite 
thickness (ex t reme conducting model) .  
for  these models a r e  shown in Table 3-10. 

The es t imates  of the the rma l  constants 

TABLE 3-10. THERMAL CONSTANTS O F  LUNAR SURFACE MATERIAL 

Thermal  Conductivity, Density, Specific Heat,  

ca l  c m  sec  ( ~ 0 ) ~ '  
- 1  c a l  g m  (a t  25°C) -3  I - 1  - 1  Mate rial 

A 6 x l o q 6  0 . 0  0 . 2  
I I I 

B 4 3 . 0  0 .2  

3 .4 .  3. 10 Ma netic Fields .  The magnetic field of the moon is est imated to be 
l e s s  than 10- f Gauss.  

3 . 4 . 3 .  11 Micrometeori te  Pa r t i c l e s .  
the meteori t ic  fluxes shown in F igure  3-26. 

The lunar  surface shal l  be subjected to 
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Figure  3-26. Meteorite Fluxes 
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3.4.  3. 12  The p r imary  meteorit ic par t ic les  are  
assumed to generate secondary particles with the following character is t ics :  

Secondary Dust Par t ic les .  

a)  Velocities about 0.  1 the pr imary  particle.  

b) Total mass generated may be 10 to 100 t imes  the m a s s  of the 
pr imary  particle.  

3 . 4 . 3 .  13 Ionosphere. 
exis ts  a n  ionosphere containing about lo4 electrons ~ m - ~ .  

It is possible that near  the surface of the moon there  

3 . 4 .  3. 14 Electromagnetic Radiation. The electromagnetic radiation affecting 
the life t ime of the passive beacon i s  l is ted as follows: 

6 - 2  - 1  a)  Solar constant. .  . . 1.39 x 10 e r g s  c m  sec 

b) X-ray ( x  = 1-10 A) 
0 

- 2  -1  (&- l  quiet sun: - ergs c m  sec  

active sun: - 10 ergs  c m  sec  (A)  
- 2  - 2  - 1  0 -1  

0 
c )  y- rays  ( A <  1 A) 

-8 -2  -1  0 -1 quiet sun:<lO ergs  c m  sec  (A)  

active sun:<lO e r g s  cm sec  (A) 
-5 - 2  - 1  0 - 1  

0 
d)  Ultra Violet: 500< 1 <3000 A 

- 2  -1 0 -1  5 e rgs  c m  sec  ( A )  

3.4 .  3. 15 Part ic le  Radiation. 
protons) a t  the surface of the moon is as follows: 

The particle radiation (consisting pr imar i ly  of 

a )  Solar wind over a 3 year period: 
7 8 - 2  

3 x 10 to 3 x 10 protons c m  
for 2 < E < 20 Kev. 

b) Solar f la re  protons ( E  > 0.  2 Mev): 

1966 to 1969 

1967 to 1970 

- 2  

- 2  
1.6 x 1013 protons c m  

1.8 x 1013 protons c m  

c )  Cosmic rays:  
8 - 2  

10 part ic les  cm (pr imari ly  a par t ic les )  

3 . 4 .  3. 16 Surface Gravitation. 
surface has been calculated to be 162 c m  sec2  -0. 165 that of the planet earth. 

The gravitational acceleration a t  the lunar 
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3 . 4 . 3 .  17 Lunar Topography. Topographical description of the lunar surface 
is  consistant with the contour c h a r t s  of the Aeronautical Chart  and Information 
Center and the recent Ranger 7 and 8 photographs. 

3. 5 Apollo System Character is t ics  

The performance and configuration data presented herein is based 
upon the environment specified in  3 . 4  and the Apollo cha rac t e r i s t i c s  which 
follow: 

3 . 5 . 1  Rendezvous radar  pa rame te r s :  

M o du 1 at  i o n 

Type of modulation 

Modulation index 

Antenna gain ( t r ansmi t ,  
sum) 

Polarization 

Difference pattern null 

Transmit  frequency 

Receiving frequency 

Noise figure 

I F  bandwidth 

207. 5 cps  6.64 kc,  212.5 kc 

phase 

0 . 3  

32 db over  isotropic  

Ci rcu lar ,  2 db axial  ra t io  

30 db below s u m  pat tern 

X-band 

X-band - 241 x receiving frequency is 

to be t ransmit ted by transponder 

9 . 5  db 

30 m c  

2 4  0 

Transmit ter  power output 300 mw 

Long t e r m  frequency 
stability 1 

Frequency difference be- 
tween LEM and CSM RR Approximately 200 mc 

Skin t r a c k  signal to 
clutter ra t io  5 db fo r  acquisit ion,  12 db for  full 

tracking a c  curacy 

3. 5.  2 Optical system pa rame te r s  

a )  

b) 

The objective lense of the Apollo sextant is 1. 58 inches in diameter .  

Overall light t ransmiss ion  of 5 percent .  
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c )  Field of view 2 degrees  

d) Magnification X28 

e )  The illuminating source may be between 15 and 45 degrees  above 
the horizon. (evening or morning) 

3 .5 .3  Trajectory P a r a m e t e r s  

The orbi ta l  plane of the CSM is identical to the landing trajectory 
plane. 

The Lunar Orbit is retro-grade, and the LEM will approach the 
landing s i te  f rom the east. 

The nominal loss  f rom the LEM vehicle to the landing site will be 
12 degrees  with respect  to the horizontal. 
10 and 20 degrees  with respect to the horizontal. 

Loss may be between 

The beacon i s  to be placed within a 45 degree sec tor  behind the 
des i red  landing s i te ,  (symmetric about the nominal t ra jectory plane) 
o r  within a 1, 000 foot c i rc le  around the landing site. A plus o r  
minus 35 degrees  margin is des i red  f rom ei ther  side of the normal  
approach path s o  the LEM approach to the s i te  can  occur  within a 
50 degree sec tor .  

3 . 6  Beacon Functional Description 

The beacon sys tem shall  consist of the following: 

A uniquely oriented circular  edge t r ihedra l  corner  reflector whose 
ver t ical  s ides  have been t reated to provide a diffuse optical 
reflective surface.  

Two independent flat optical beacons deployed around the space- 
c raf t  and t reated s o  as to provide a diffuse reflective surface.  

A deployment mechanism which can  uniquely orient the major  
axis of symmetry of the t r ihedral  corner  ref lector  .along the 
nominal LEM approach. 

A deployment mechanism which can  deploy the separa te  optical 
beacons a sufficient distance f rom the spacecraft .  
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3 . 6 . 1  

3 . 6 . 1 . 1  S ize .  The beacon edge length shall  be a minimum of 12 feet .  This 
edge length a s sumes  the following: 

Ci rcu lar  Edge Tr ihedra l  Corne r  Reflector 

a )  Construction tolerances which do not reduce the c r o s s  section by 
more  than 6 db. 

b) A net 3 db gain due to polarization effects. 

c )  Errors  in predicting the direction of the ma jo r  ax is  of symmet ry  
which do not exceed f 2 degrees  ( 1  o- ) 

3 .  6. 1. 2 R F  Reflector Surfaces. Two sides  of the ref lector  sur faces  shal l  be 
comprised of perforated o r  etched aluminum, on a polymeric  f i lm base .  The 
geometry  of the perforations shall  be such that the reduction in reflectivity i s  
negligible although 7 0  percent of the aluminum i s  etched away.  
shall consist  of etched aluminum-film composite in  a geometry  which yields 
a paral le l  w i re  effect and which shal l  be used to reduce the c i rcu lar ly  polar-  
ized incident electromagnetic waves to a l inear  polarization. 

The third s ide 

3 . 6 . 1 . 3  Optically Treated Surfaces .  The L W O  nominally ver t ica l  s ides  of the 
ref lector  sha l l  be pigmented with a n  optical  reflective ma te r i a l  in a polka dot 
pat tern.  The total a r e a  sha l l  be 50 squa re  feet  p e r  inner  s ide,  and 25  squa re  
feet p e r  outer  s ide.  

3 . 6 . 1 . 4  Physical Charac te r i s t ics .  The beacon sha l l  be self-erect ing and 
rigidizing and capable of being stowed in a compact configuation during the c i s -  
lunar  t ra jectory.  
i ts  deployment canis te r .  

3 .  6. 2 

A packing factor  of 3X will be used in stowing the beacon in  

SeDarate ODtical Beacons 

3 .  6. 2 .  1 
spacecraf t .  

Two independent flat beacons shall  be deployed within 50 feet  of the 
The beacon surface a r e a  shall  be 100 square  feet each. 

3 .  6. 2 .  1 
stowed during the cis lunar  t ra jectory.  

The beacons shall be self-erecting and capable of being compactly 

3 .  6 .3  Uniquely Oriented Boom Mechanism 

The extendible boom sys tem shall  uniquely or ient  a c i r cu la r  side 
co rne r  reflector.  
mas t .  With commands f r o m  the telecommunication system, the deployment 
mechanism shall unlock, dr ive to des i r ed  position, extend boom, and r e l ease  
ref lector  f o r  inflation. 

The sys tem shall  mount on the top portion of the spacecraf t  

3. 6. 3. 1 
the spacecraf t  mas t .  
driven by an  integral  s tepper  motor -gear  t r a in  in  response to positioning 
signals f rom the telecommunication system. 
to lock the system in the stowed position. 

Azimuth Positioning System. This sys t em is located a t  the top of 
A bearing mounted hub rotatable about the mas t  is gea r  

An explosive pin pul ler  is used 
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3. 6.3.  2 
directional solenoid stepping motor with detent and planetary gear  reduction, 
contained within a sealed enclosure.  
a dynamic sea l .  
position without external power applied. 

Stepper Motor; Gear  Train. The dr ive unit will consis t  of a bi- 

Rotary output will be transmitted through 
The drive unit shall be capable of holding i ts  load in any 

3 . 6 . 3 . 3  Exposed BearinRs and Gears .  
lunar environment will be of a type to withstand the most  severe  loads and a l so  
provide a margin above the length of service required.  

Bearings and g e a r s  exposed to the 

3 .  6 . 3 . 4  Extension Boom. 
azimuth drive.  The extension boom will consist  of telescoping sections of 
s eamless  tubings which a r e  extended by controlled flow of gas  f rom a high 
p r e s s u r e  g a s  bottle. 
will unlock the boom in the stowed condition and actuate the squib valve. 

This unit is mounted on the output gear  of the 

Command signals f rom the telecommunication sys tem 

3. 6. 3. 5 Canister.  The canis ter  will contain the folded reflector and inflating 
equipment and will be swivel mounted to the end of the boom. 
will be unbalanced to orient it with the local vertical .  Electr ical  energization 
of the squib actuated latch will open canister to re lease  reflector for inflation. 
The canis te r  will be leak tight to permit evacuation for purpose of packing 
reflector.  

The canis ter  

3. 6.3. 6 Pully-Cable Suspension. 
allows the ref lector  to align with the local vertical .  
their  grooves in l ine and paral le l  to the boom axis  will extend down from the 
canis ter .  A cable whose ends a r e  attached to the reflector to rus  will run over 
the pulley grooves.  

This unit is mounted on the canis te r  and 
A pai r  of pulleys with 

3. 6 . 4  Optical Beacon Deployment Mechanism 

A spring actuated catapult shall be utilized to deploy the beacons. 
catapult shal l  consist  of 1) an  outer canister which is  mounted to  the space- 
c raf t  a t  the angle required to achieve the proper ballistic t ra jectory,  and 
2 )  a compressed  spring which when released impar t s  sufficient energy to the 
beacons to eject them from the canister.  

The 

3 .6 .5  Each of the m a r k e r  beacons shal l  utilize an erection system 
which is completely automatic a f t e r  the pa r t  is  deployed f rom the 
vehicle. 

3 .  6.  6 Only mater ia l s  res is tant  to the lunar  environment for at  least  3 yea r s  
shall  be used in construction of the reflector webs, the optical portion of the 
s t ruc ture  and the rigidized components. 

3. 6. 7 
t empera ture  of 100°F initially and the 
15% over the 3 year  lunar exposure. 

Thermal  control coatings should maintain the s t ruc ture  at a maximum 
ratio should not change more  than 

E 
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3 . 7  RELIABILITY 

The reliability of the beacon sys tem exclusive of the parent vehicle 
shall  be consistent with the objectives specified in  3 .  1. 

4 . 0  QUALITY ASSURANCE 

To be determined. 

3 -84  



. 

3-27 A. Damusis ,  H. Wissman, A.  Sanger ,  "Impregnants for  Expandable 
Rigidizable Aerospace S t ruc tures ,  I '  Wyandotte Chemicals Corporation 
WPAFB Technical Documentary Report  ASD-TDR-63-588, July 1963. 

3-28 I, W. Russe l l ,  N. S. Hanssen, W. J .  McKillip, !'Development 
of an Inflatable Self -Rigidizing Space Shelter and Solar Collector 
from Honeycomb Sandwich Mater ia l ,  ' I  Viron Division, Geophysics 
Corporation of Amer ica ,  WPAFB Technical Documentary Report ,  
APL TDR 64-29, WPAFB, December 1963. 

3-29  Pr iva te  communication f rom F. Gerr ing  of Goodyear Aerospace 
Company. 

3-30 E. Rottmayer ,  "Pre l iminary  Design of a Lenticular Satell i te,  ' I  

Unmanned Spacecraft  Conference, Los  Angeles, California, 
March  1965. 

3-87 



REFERENCES 

3- 1 

3- 2 

3-3 

3-4 

3- 5 

3-6 

3-7 

3-8 

3-9 

3-10 

3-11 

3- 12  

3-13 

3- 14 

D. Levine and W.  H. Welch, "Spatial Coverage of Radar  Reflectors,  
IEEE Transact ion on Aerospace, April  1964, p 161 and 164. 

J .  Croney and W .  H. Delany, "A New Type of Omni-Azimuthal 
Radio-Echo Enhancer,  ' I  Microwave Journal,  March 1963, p 105- 109. 

G. C. Southworth, "Principles  and Applications of Waveguide Trans -  
mission,  ! '  D. Van Nostrand Company, 1950, p 481. 

L. A. McKellar,  "Effects of the Spacecraft  Environment on Therma l  
Control Mater ia l s  Charac te r i s t ics , "  Spacecraft  Thermodynamics 
Symposium, 28 March 1962, Pa lo  Alto, California. 

H. R.  Blackwell, "Contrast  Thresholds  of the Human Eye, JOSA, 
Volume 36, p 625-43, 1946. 

"Surveyor Block I1 Phase  - A Study of Lunar T e r r a i n  Assessment ,  I '  
JPL TM 33-172, 20 April  1965. 

G.  D. Kuiper and B. M. Middlehurst, "Planets  and Satell i tes:  The 
Solar  System, Volume 111, University of Chicago P r e s s ,  1961. 

J .  Bensko, "Lunar  Surface Conditions, NASA MTP-XN-b3-1, 
15 March 1963. 

"Environmental  Specifications for Apollo Scientific Equipment, 'I 
North American Document M E  999-0051; Grumman Document LED- 
520-c .  

"Meteoric Infall and Lunar  Surface Roughness, " Bell Communications, 
Inc . ,  31 January 1964. 

"Natural  Environment and Physical Standards for P r o j e c t  Apollo, I '  
NASA M-D E 802O.008Ay August 1963. 

H.  J .  Smith and E .  V. P. Smith, "Solar F l a r e s ,  I '  MacMrllin 
Corporation, 1963. 

R. Baldwin, Face  of the Moon, Oxford P r e s s .  

Topographical Char t s  of the lunar  surface,  Aeronautical Char t  and 
Information Center .  

3-85 



3-15 

3- 16 

3- 17 

3-18 

3-19 

3-20 

3-21 

3 -22 

3-23 

3-24 

3-25 

3-26 

F. H.  Bratten,  S .  J .  Stenlund, and A .  J .  Wendt, "Advanced 
Rigidized Membrane Mater ia l  Development, I '  Aerospace Expandable 
Structures  Conference Transact ions,  Dayton, Ohio, October 1963. 

N .  J. Broadway, R .  W .  King, S .  Palinchak, "Space Environmental  
Effects o n  Mater ia ls  and Components, I '  Report  RSIC- 150, and Appen- 
dix B "Plast ics"  and Appendix F "Laminates ,  I '  Battelle Memorial  
Institute, Apri l  1964. 

L. Isenberg, 
AD 435245, North Amer ican  Aviation, Inc . ,  December 1963. 

"Plast ic  Mater ia ls  in the Space Environment,  I '  

L. D .  Jaffee and J.  B .  Rittenhouse, "How Mater ia ls  Behave in 
Space,  I' Jet Propuls ion Laboratory,  Mater ia ls  in Design Engineering, 
September 1962. 

G .  F. Pezdir tz ,  "Polymers  for Spacecraft ,  I '  Langley Research  
Center ,  Modern P las t ics ,  1963. 

W .  A .  Riehl, W .  L. Looney, S .  V .  Ca ruso ,  "Compatibility of 
Engineering Mater ia ls  with Space Environment,  I '  ADU 39693, George 
C .  Marshall  Space Flight Center .  

N .  E .  Wahl, "The Effects of  High Vacuum and Ultraviolet Radiation 
on  Reinforced P la s t i c s ,  S P E  Journal ,  Volume 17 ,  No.  8 ,  August 
1961. 

H.  L .  P r i ce ,  "Mechanical P rope r t i e s  of Composite Mater ia ls  for  
Expandable Space S t ruc tures ,  I '  Aerospace Expandable S t ruc tures  
Conference, Transact ions,  Dayton, Ohio, October 1963. 

R .  J .  Slater,  
Pass ive  Communication Satell i tes,  ' I  Aerospace Expandable S t ruc tures  
Conference Transact ions,  Dayton, Ohio, October 1963. 

I '  Design and Fabricat ion of Inflatable and Rigidizable 

G .  A .  Zerlaut and Y .  Harada,  "Stable White Coatings, I '  Report No .  
IITRI-C 207-27, IIT Resea rch  Institute, January 1964. 

L. B.  Keller and S .  Schwartz, "Rigidization Techniques for  
Integrally Woven Composite Constructions,  I' Hughes Aircraf t  Com- 
pany, WPAFB Technical Documentary Report  ML-TDR-64-299, 
September 1964. 

J .  L. Schwendeman, J .  L .  Robertson, and I .  0. Salyer ,  "Gelatin 
a s  a Possible  S t ruc tura l  Mater ia l  for Space Use, ' I  Monsanto Research  
Corporation, Dayton, Ohio, WPAFB Technical Documentary Report ,  
ASD-TDR-63-444, May 1963. 

3 -86 

I 
I 
I 
I 
D 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
1 
1 
u 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 

4. FUTURE EFFORT 

Because of the paramet r ic  nature and t ime constraints of the study, 
it was not possiblc to fully develop a se t  of system charac te r i s t ics  for the 
selected design. 
ated which w i l l  lead to the preparation of a design specification, model 
development, and performance evaluation of the beacon models.  

Therefore  it is  recommended that follow on effort be initi- 

The following represents  a preliminary statement of work for the 
followon activity required to ensure  an order ly  continuation of the passive 
m a r k e r  effort. 

1 . 0  

2 . 0  

3.0 

4. 0 

5 . 0  

6 .  0 

7 .  0 

Studies shall be conducted of la rge  corner  reflectors of the type 
studied under this contract. 
tions shall be made  to determine how closely measured resu l t s  
follow the theoretical  results.  

Experimental  and theoretical  investiga- 

Investigations shall be made of the possibil i t ies of producing com- 
posite films using photolyzable mater ia l  and perforated aluminum 
foil. 

Space environmental t es t s  shall be conducted on the ma te r i a l s  which 
a r e  applicable to beacon fabrication. 

1nvestig.ation shall be conducted on the possibility of fabricating FFP 
Tedlar  and Kapton H in films thinner than the 1 mi l  current ly  
available. 

Fabrication t e s t s  shall be conducted to determine factors  such as 
folding and packaging techniques, pressurizat ion media required,  
optimum fabrication techniques, band strengths obtainable, and 
dimensional tolerances.  This effort should be conducted initially 
on subscale models followed by full scale  fabrication. 

A detailed analyses on the effect of adding the uniquely oriented 
beacon to the Surveyor spacecraft shall be conducted. 

Detailed analyses leading to a refined preliminary design for a 
uniquely oriented deployment mechanism shall be conducted. 
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Independent Pass ive  Optical Beacon 

If an independent passive visual beacon were  to be used,  i .  e . ,  if the 
r ada r  beacon were some device which did not provide l a rge  surface a r e a s  
which could be suitably pigmented, it is  believed that the optimum shape 
would be a right c i rcu lar  cone deployed with base  down. The d iameter  of 
the base  would be  about 20 feet  and the total apex angle would be about 120 
degrees .  If this cone fell  on a slope of 15 degrees  o r  l e s s  a t  l ea s t  half of 
the surface would always be illuminated and a t  l ea s t  half would always be  
visible. 
would be illuminated and visible.  
the apex angle and determine the minimum dimensions to guarantee specified 
visibility margins .  
and i t s  method of construction and deployment. 

While for  high solar  and observer  elevations all of the surface 
Studies should be  undertaken to optimize 

Figure 4-1 shows the configuration of this type of m a r k e r ,  

In this  m a r k e r  a loose web w i l l  be expanded by the encircling torus ,  
s imi l a r  to that shown in Figure 4-1. However, this design a l so  uti l izes a 
center  erected and rigidized pole to form a cone af ter  erect ion i s  complete.  
By using a center pole twice the requi red  height, as  shown, the s t ruc ture  
can be  simply deployed and w i l l  always become conical with no special  o r ien-  
tation required.  The weignt and packaged volume of this  beacon i s  well within 
the 10-pound .and 250-cubic inch s ize  l imitations for a passive beacon. 

ERECTED AND 
RlGlDlZED CENTER 
POLE , 

GUY WIRE TO ASSURE UPRIGHT 
ERECTION OF CENTER POLE / 

/ 
'EDLAR 

/ 'GUY WIRES 
LOOSE ON BOTTOM 

ERECTION TORUS 

Figure 4- 1. Independent Pass ive  Optical Beacon 
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